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Difco reagents for the diagnosis of 


Group A Streptococcal Infections 


* RHEUMATIC FEVER 
* GLOMERULONEPHRITIS 


ANTISTREPTOLYSIN O titers (ASTO) and their relation 
to pathological conditions in Group A streptococcal 
infections have established the importance of this 
determination as a routine clinical test. 


Bacto-Streptolysin O Reagent- a dehydrated, standardized and 
stable reagent requiring only rehydration with distilled water. 
Antistreptolysin O titers have been impractical for routine diagnosis 
because of the difficulties in preparing the reagent. Bacto-Streptolysin 
O Reagent is a standardized preparation permitting the routine 
performance of this diagnostic test in all clinical laboratories. 


Bacto-ASTO Standard- an antiserum titred in Todd units 


for use as a control in the determination of antistreptolysin O titers. 


Descriptive literature sent upon request 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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the section 
is the payoff 


The better tissues you get with it 
are the ultimate proof of the 
Autotechnicon’s worth. Processing 
is always dependably uniform, 
staining always diagnostically 
stworthy. And you get finished 
*s faster... thanks to the 
Autotechnicon principle of 


displacement and controlled 








echnicon 


first name... and last word 
in histologic processing 




















THE TECHNICON COMPANY 
Chauncey « New York 





Nuclear Consultants, Inc. 
33-61 Crescent St 
Long Isiand City 6, N.Y 


Nuclear Corp. of Amer. 
9842 Manchester Rd 
St. Louis 19, Mo. 


Nuclear Corp of Amer. 
4754 W. Wash. Bivd 
Chicago 44, Ii! 


Isotope Specialties Co. 
703 S. Main St. 
Burbank, Calif 


Nuclear Corp. of Amer. 
Box 7433, Sta. C 
Atlanta 9, Ga. 


Export Dept. 
431 Fifth Ave 
New York 16, N.Y. 


X-Ray & Radium Ind., Ltd. 
Toronto, Ontario 
and other Canadian cities. 


Now 
You Can 


LEASE 
YOUR 





“RADIOISOTOPE | 
LABORATORY | 


% 





For the first time you can choose to LEASE or BUY 
instruments to set up your radioisotope laboratory. 
Nuclear Corporation of America, Inc. now offers NRD 
instruments—especially designed for clinical applica- 
tion—on highly advantageous terms. 


This leasing program is an especially attractive one 
for private practice, or for institutional use where 
operating funds are more conveniently available than 


capital. Lease payments permit eventual ownership 
if desired. 


In addition to NRD Clinical Radioisotope Instru- 
ments, Nuclear Corporation of America, Inc. also 
offers maintenance and consulting services, film badge 
service, and a complete line of radiopharmaceuticals. 


Mail the coupon below for details. 





aRekeodi-t-Vammotelaclola-tilelamee} mr-lsel-lalet- Pm talem 
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Leasing Division ® 
Nuclear Corporation of America, Inc. 
9842 Manchester Rd. 
St. Louis 19, Mo. 
Please send me complete details and costs 
on leasing a radioisotope laboratory. 


Name___. 





oo 
a a a 


Please direct information to the attention of: 


Name es 

















Which of these indications for 
nuclear medicine do you encounter? 


Eye tumors—Sodium Radio-phosphate 
(P-32) 
Tr d therapy—/-131, — 


riodide® 


yroid uptakes ar 
Radiocaps®, T loresin* 
Cardiac outputs and circulation times 
—Risa®, Rose Bengal 
Cardiac therapy in angina, etc.—/-131 
Therapy of gnancies—Aurcoloid* 
(Au-198), C ic Phosphate 
(CrPOx4), Yttrium 90, 
Actaloy® (Co-60) 
Liver function—/-131 Rose Bengal 
Body water and “spaces"— 
D20, 720, IAP 
Body compartments— 


Na-22, K-42, (S-35 04), etc. 


*Trademark 


Whatevet 
Abbo 


ra 


ceu 


Brain tumors—Risa®, As-74, Cu-64, P-32 
Thyroid physiology—/-131 Thyroxine, etc. 


Blood and plasma volumes—Risa®, 
Rachromate® (Cr-51) 


Red cell volumes and survival times— 
Rachromate® (Cr-51) 


Pancreatic function—/-131 Triolein 
and Oleic Acid 


Kidney Function—/-131 Diodrast, etc 


Diagnosis of pernicious anemia— 
Radio-cyanocobalamin (Co-60 and Co-58) 


Study of other anemias—Fe-59 


Treatment of polycythemia vera and 
leukemias—P-32 


yuneqt 
Rad io-| 


Ill 


*ha rma- 


ABBOTT LABORATORIES ® Pioneer of Radio-Pharmaceuticals 


o7192 
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AT LAST! a stabilized human 
whole blood hemoglobin 
standard and control 


Hemotrol* 


Trade Mark 


Hemoglobin is probably the most frequently determined blood constituent. 
However, it is surprising to find that surveys on the quality of hemoglobi- 
nometry show, generally, a very poor degree of accuracy. These inaccuracies 
are primarily due to the lack of a suitable reference standard for the calibra- 
tion and daily control of instruments, reagents and technique. 
Owing to the chemical complexity of blood and of the absorption spectrum of 
hemoglobin, it is virtually impossible to devise an artificial standard which is 
wholly adequate. It should be remembered too, that this type of standard 
serves only to calibrate the photometer and does not permit the standardiza- 
tion of the complete procedure. 
In contrast, Hemotrol is a natural whole blood internal standard which goes 
through each step of the procedure in the identical manner used by the 
laboratory in its normal routine. In this way, Hemotrol is employed to evalu- 
ate the entire method and equipment, i.e., technical precision at each step, 
pipette volume, dilution volume, reagents, hemoglobinometer calibration, and 
reading. When used as a control, Hemotrol provides a simple and direct check 
of each day's tests. 
Hemotrol has been precisely standardized by independent laboratories employ- 
ing Total Iron, Oxyhemoglobin, and Cyanmethemoglobin methods. The data 
are Statistically evaluated to insure an accurate value within + 1.0% of the 
true value, based on 99% probability. Hemotrol carries an 18 month expira- 
tion date when stored under refrigeration; no other precautions are necessary. 
Available at your dealer in vials containing 2.4 ml.; sufficient for 40 control 
tests and 4 complete standardizations. 

Vial (2.4 ml.)..........$5.00 
Descriptive brochure available on request. 


CLIN TOM LABORATORIES 
6010 Wilshire Boulevard, Los Angeles 36, California 


*Patents applied for Copyright, 1957, Clinton Laboratories 
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STROPS KNIFE TO KEEN, UNIFORM CUTTING EDGE 


aloe scientific 
DIVISION OF A. S. ALOE COMPANY 





5655 KINGSBURY 
ST. LOUIS 12, MO 


Divisions: Los Angeles, San Francisco, Seattle, Denver, Minneapolis, Pitts 
burgh, Kansas City, Dallas, New Orleans, Chamblee, Washington, Miami. 
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Much faster and more 
accurate than old 
hand-stropping methods. 
Merely run blade over 
special compounded wheel 
four or five times each side. 
Knife holder and support 
plate adjustable for 
differences of bevel on 
various knives. For further 
data write for Technical 
Bulletin 23-122. 


60070. Grey finished housing, 
13% inches wide, 11 inches 
deep, 9 inches high. For 115 
volts A. C. Complete with 
charged stropping wheel 

and extra supply of 
stropping abrasive for 
recharging. Each $275.00 


*Patent applied for 
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NEW CATALOG OF 
SANBORN RECORDING, 





MONITORING & RELATED 
EQUIPMENT 


»..to help you select 
the right recording equipment 





for biophysical research... 





The new catalog provides complete data on: 2-, 
4-, 6- and 8-channel “150M” Recording Systems 
and the five primary plug-in Preamplifiers used 
with them; four different single channel recording 
systems, as well as the 2-channel Twin-Viso (direct 
writing) and Twin-Beam (photographic) systems; 
the Viso-Scope oscilloscope, its companion ““OR”’ 
model for operating room use, and the related 
Vector Amplifier and Electronic Switch; the Ampli- 
fying Stethoscope, Heart Sound Tape Recorder 
Player, and two series of physiological Pressure 
Transducers. Prices of all instruments are also in- 
cluded, as well as a useful equipment selection 
questionnaire form. 


Recording System, 
Oscilloscope and Tape Recorder! Player. 


three of 17 instruments in Catalog 
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For the medical researcher or teacher concerned 
with measurement, recording and study of physio- 
logical phenomena such as pressures, temperatures, 
ECG’s, sphygmograms, pneumograms, etc., valu- 
able data is available in a new catalog describing 
the major Sanborn biophysical research instru- 
ments. Information about recording systems, 
monitoring oscilloscopes and transducers is pre- 
sented from the standpoint of the user’s requirements, 
rather than simply as product descriptions. By 
frequent use of typical examples — involving the 
number and nature of phenomena to be studied, 
the transducers or other associated equipment to 
be used, future needs vs. present requirements, etc. 
—the Sanborn catalog can greatly simplify equip- 
ment selection and insure maximum usefulness 
per dollar invested. 

For your copy of this new Sanborn Catalog, 

address Inquiry Director, Medical Division. 


175 Wymon Street, Walthom 54, Massachusetts 
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SPENCER 


1 ASSURES MAXIMUM ©P°TICAL PERFORMANCE OF 


YOUR MICROSCOPE — Kochler type illumination— 
ideal for bright field . . . piiase interference ... polar- 
izing ... and dark field microscopy and photomicro- 
graphy. Numerical aperture and field diaphragm 
settings regulated accurately and effectively — permit 


full resolving power of your microscope 


OFFERS WIDE SELECTION OF FILTERS — Eighr levels 
of intensity . . . plus daylight, green and red filters... 
quickly selectable by simple finger-tip rotation of tur- 
ret mounted filters. Optimum intensity and correct 
contrasting color selection are very important factors 


to reveal the specimen detail you're investigating. 


Write Dept. A-15 for ORTHO-ILLUMINATOR Brochure S$8-600 


DO YOU 
KNOW 


Ortho-Hluminalor? 


3 PROVIDES PERMANENT ALIGNMENT WITH MICRO- 


SCOPE — Three point positioning device precisely 
locates and rigidly retains any make microscope equip- 
ped with horseshoe base. Microscope may be removed 
and easily repositioned against locating device with- 
out disturbing absolute alignment. Near parallel beam 
of light evenly illuminates entire field of view. 


COSTS LESS THAN YOU THINK Model 600 AO- 
Spencer Ortio-Illuminator complete... $165.00. 
Optically and mechanically designed to give you years 
of trouble-free service .. . maximum efficiency .. . and 
reduced fatigue. 


formerly available from Silge & Kuhne, San Francisco 


American Optical Company 


Instrument Division * Buffalo 15, N.Y. 





accurate, quick determinations... 
for all colorimetric tests 


F255 PHOTROMETER 


Only one adjustment of only one knob and you get precise determinations 
for each rout.e clinical test—easily, rapidly—with the Leitz pre-calibrated 
PHOTROMETER. 


Leitz PHOTROMETERS for clinical laboratories... 


¢ pre-calibrated for easy, rapid determinations 

¢ a supply of standard solutions is not required 

* no external voltage stabilizer needed 

¢ built with the precision and ruggedness characteristic 
of all Leitz instruments 

¢ laboratory technician can readily calibrate instrument 
for additional tests 


See your dealer for a demonstration. 


&. LEITZ, INC., Dept. L:! 
468 Fourth Avenue, New York 16, N. Y. 


Please send me the Leitz PHOTROMETER brochure. 


Nome 





Street 





City Zone State 





E. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES - BINOCULARS 
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‘7 Zf . 
wil C% Maivibrios 


Harleco has now located in this modern head- 
quarters building to facilitate a smoother flow of 
all work in which we are engaged. It serves to com- 
pletely eliminate congestion which had arisen in the 
older premises through considerable expansion dur- 


ing the past five years in our field of interest. 


Harlece firoc “cds are avaclatle of your preferred sufifity house 


CATALOG UPON REQUEST 


HARTMAN-LEDDON COMPANY 


=” 60TH & WOODLAND AVENUE 
: PHILADELPHIA 43, PENNSYLVANIA, U.S.A. 
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BOVINE ALBUMIN 
22% SOLUTION 
} FOR Rh TESTING 
pH 7.5 








One OARRH: Maleate oe aN 
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HARSHAW SCIENTIFIC 


srotiicHts (@ ntrifuges 


Two new centrifuges have been added 
to our already extensive line of Inter- 
national centrifuges. The new HT for 
high speed centrifuging and the new 
CM, a cabinet unit, for routine moder- 
ate speed work. The HT high speed 
centrifuge provides speeds to 17,000 
r.p.m., with forces to 34,390 x G and is 
designed for maximum safety to oper- 
ating personnel. The CMcentrifuge fea- 
tures great adaptability at moderate 
price. This attractively designed unit 


H-9985 — International Model HT, with stee 
gvord bowl, complete instrumentation and 
8-place angle head for 50 mi tubes (with 
ovt tubes). For operation on 115 volts, 
50/60 cycles, single phase . . $745.00 


eeeeeweeeeeveee eevee 


accommodates 23 heads and acces- 
sories for any routine application. 

An International centrifuge is avail- 
able for every need from stock. The 
complete line includes micro, clinical, 
chemical, routine, large capacity, ex- 
plosion proof, blood plasma, refrig- 
erated, oil testing, soil testing, and a 
number of other special application 
centrifuges. Complete information is 
available on the centrifuge you need. 
Write for literature 


H-8800— International Size 1, Mode! CM, 
with stainless steel guard bowl, autotrans 
former controller, electric tachometer and 
timer but without head, shields or cabinet 
floor stand; 115 volts,50/60cycles . $475.00 


ae 
a - 


- 


a 


i 


44 
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H-8500— 
Clinical Model 


eeeeweeeveeveee 


H-9875— Model PR-2 
Refrigerated 


eoeeneveevee eee 


H-8858—Size 1, SBV 


Routine and Research 


H-9506—Size 2, V 
Large Capacity, High Speed 


WRITE FOR INFORMATION 


HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Co. * Cleveland 6, Ohio 
Sales Branches and Warehouses 
Cleveland 6, Ohio, 1945 East 97th St Houston 11, Texas, 6622 Supply Row 
Cincinnati 13, Ohio, 6265 Wiehe Road Los Angeles 22, Calif., 3237 S. Garfield Ave 
Detroit 28, Mich., 9240 Hubbell Ave Philadelphia 48, Pa., Jackson & Swanson Sts. 
Sales Offices: Baton Rouge, La. * Buffalo 2, N. Y. « Pittsburgh 22, Pa. « Oakland 11, Calif. 
Hastings-On-Hudson 6, N. Y. 


—_ 
we 
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whate DET h igh prote mn 
medium You prefer. 


Hyland has it! 








yman AB Serum 
rotein) 
5 cc. dropper vial 


vial 





Hyland Laboratories 


4501 Colorado Bivd 
Los Angeles 39, Calif. 
252 Hawthc'ne Ave., Yonkers, N.Y. 
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No Slide Rule Needed Here: 


Dirty Glassware + Ordinary Cleaners—? 
You Just Can't Balance This Equation 


Balance Your Cleaning Equation 
with 


Paragon Laboratory Cleaner 


The detergent cleaner developed especially for the modern laboratory. Con 
tains no soap, leaves no dulling scum. Abundant suds in cold water. Rinse 


water flows off without water spotting. No wiping or towelling necessary. 


PARAGON LABORATORY CLEANER is easy to use; simply soak articles 
in hot or cold water containing 1 ounce of Paragon Laboratory Cleaner to 


the gallon. Dirt, grease, grime, stains and incrustations float away. 


PARAGON LABORATORY CLEANER cleans glassware, porcelain, enamel 
ware, soapstone surfaces, ironware, tile and painted walls, floors, slop sinks, 
toilet bowls, shelves. No boiling of slides to get them clean. No more cor 
roded, etched or seratched slides. Simply allow the used slides to soak in 
Paragon Laboratory Cleaner solution for a short time. Smears, stains and 
cedar oil float away Excellent for freeing jammed syringes, stuck stop 


cocks and ground glass stoppers. 
PARAGON LABORATORY CLEANER is packed only in 3 Ib. boxes 
PC300 Box (3 Ibs $1.00 

Carton (24 x 3 lb. boxes 20.40 (85¢ per box 


Prices F. O. B. New York, New York, subject to change without notice 


PARAGON €C. & C. Manufactured exclusively by 
2540 Belmont Avenue 


New York 58, New Yo PARAGON C. & C. CO. INC. 
Please send free trial sample PC300 2540 Belmont Avenue 
ae New York 58, New York 


Cable Address: Wijeno, New York. 
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you 
can 
determine 
gastric 
acidity 
simply, 
effectively 
and 
without 


intubation, 


use new 


Diagnex Blue 


Squibb Azure A Carbacrylic Resin Diagnostic Test 


... the visual color test for gastric acidity 


SQUIBB 


Squibb Quality— 
the Priceless Ingredient 


OIAGNEX'® 1S * FO TRADEMARA 
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How to Use 

1. The patient takes Diagnex Blue orally. 

2. Urine samples are returned to the physician. 

3. Simple color comparison denotes gastric acid status. 


Advantages 

¢ a simplified, visual method without intubation 

e highly dependable results 

e time-saving convenience—can be used right in the office 
e no fluorescent light or other special equipment needed 


Indications 

The Diagnex Blue test is a simple, highly useful step 
in the diagnosis of conditions associated with abnormal 
gastric acid secretion. According to Goldbloom and 

his associates, “‘the test for achlorhydria is extremely 
valuable in the diagnosis of pernicious anemia, 

cancer of the stomach, and gastric polyps.” 


Boxes of 5 and 50 Diagnex Blue test units with comparators. 


Goldbloom, A. A., Feinstein, M. A. and Eiber, H. B.: Am. J. Dig. Dis., 22:288, 1955. 
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AN AMES CLINIQUICK 


CLINICAL BRIEFS FOR MODERN PRACTICE 


CORRELATION OF PRIOR INSULIN DOSAGE WITH SUCCESSFUL RESPONSE 
TO TOLBUTAMIDE IN 143 PATIENTS 


can selected diabetics on insulin be 
changed over to tolbutamide on an 
ambulatory or outpatient basis? 


Yes. By gradually reducing insulin dosage during the change-over and 
by frequent daily testing of the urine—by the patient—for sugar and 
ketone bodies. 

Source—Sugar, S. J. N.: Ann. New York Acad. Sc. 7/:256 (July 10) 1957. 


for the change-over from insulin 


COLOR CALIBRATED CLINITEST Reagent Tablets 


the STANDARDIZED urine-sugar test for reliable quantitative estimations 
...Standard “plus” system...standard blue-to-orange spectrum 


with CLINITEST prescribe 


ACETEST* Reagent Tablets—rapid, reliable test for ketonuria 


or the NEW “dip-and-read” test for ketonuria 


KETOSTIX Reagent Strips 


TRADEMARK 


(ay AMES COMPANY, INC + ELKHART, INDIANA 


Ames Company of Canada, Ltd., Toronto 
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Enlarged 2 2 times 


Rub an Accu-red pipette— 


you'll feel why it lasts longer 


Accu-red graduations are something new and 
unique in pipettes. 

The graduations are right in the glass. As you 
rub you'll notice a smooth surface. A smooth 
pipette can take more punishment. 


Accu-red graduations are as permanent as 


the glass itselj. Prove it to yourself by briskly 
rubbing them with emery cloth. The surface of 
the glass will scratch but the graduations are 
unimpaired. 

Cleanable? Use any common acid or cleaner, 
rinse and sterilize. Made of glass No. 7740, these 
PYREX pipettes will take many trips through 
the washer. 


Accurate, too. For example, capacity tolerance 
of the | and 2 ml Accu-red pipettes is +0.02 ml. 
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Cost 15% less. Even with their wearproof 
graduations and accuracy, these pipettes cost 
you 15% less than previous designs of com- 
parable accuracy. 

Easy to read. Split sight lines level with major 
graduations to reduce parallax in readings. 
Won't contaminate. Glass No. 7740 doesn’t 
in any way alter antigens, or biological or 
serological solutions. 

You can get Accu-red pipettes from your 
laboratory supply dealer in these sizes: Sero- 
logical and Mohr types in 1, 2, 5, and 10 ml 
and a 25 ml Mohr type. 


CORNING GLASS WORKS 
dl 82-1 Crystal Street, Corning, N.Y. 


Comning means research in Glass 


are 
. .. the tested tool of modern research 
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LEDERLE PRODUCTS FOR 


Prepared and tested 
according to 
the highest 

standards 


AGENTS FOR LABORATORY USE 


BLOOD GROUPING, Rh TYPING, and ANTI-HUMAN (Coombs Test) SERA. NIH-approved 
BLOOD CULTURE MEDIUM 
E. COLI TYPING SERA* 

FEBRILE ANTIGENS. For rapid slide test screening purposes —for both somatic and flagellar 
Salmonella (including Typhoid and Paratyphoid infections), as we!l as for other fevers 
of undetermined origin 
SALMONELLA GROUPING and TYPING SERA* (See also Febrile Antigens above) 
SHIGELLA GROUPING SERA* 

SYPHILIS ANTIGENS: V.D.R.L.*; Kahn, Dr. Kahn-approved; Laughlen, Dr. Laughlen-approved 
TULAREMIA TUBE ANTIGEN 
VIRAL and RICKETTSIAL ANTIGENS 


*Prepared according to CDC methods and standards 
AGENTS FOR CLINICAL USE 


LYMPHOGRANULOMA VENEREUM SKIN TEST ANTIGEN and CONTROL 
TRICHINELLA EXTRACT and SALINE CONTROL 
TUBERCULIN PATCH TEST (Vollmer) 


LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMID COMPANY’. 
PEARL RIVER. NEW YORK + DEPT. DA-10 


/ 
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FISHER 
FREEZE-DRYER 
Preserves and Dries 


Delicate Tissues 
without Deformation 








The Fisher Freeze-Dryer, developed with 
and for a University of Pittsburgh surgi- 
cal research team, now gives hospitals a 
simple, efficient, semi-automatic appara- 
tus that lyophilizes blood vessels and 
other tissues to replace damaged organs. 
It will also prepare all types of tissues 
for examination, and dry antibiotics, 
bacterial cultures or other heat sensitive 
materials . . . all without injury or de- 
terioration, 








Among the advantages of the Fisher 
Freeze-Dryer are: speed of specimen 
preparation, simple technique, automatic 
operation, and all-purpose usage. It will 
be worth your while to learn more about 
the many possibilities of this versatile 
new apparatus, 


A“must” for histologists, cytologists, pathologists, tissue banks 








Number one solution to preserving tissue Dryer puts this technique within reach of 
specimens in as nearly as possible natural every laboratory. 

state, so that slight structural and chemi- . a J 

cal changes can be detected and inter- For Full Data Write: 


preted, is freeze-drying. The Fisher Freeze- 120 FISHER BLDG. PITTSBURGH 19, PA. 


FISHER SCIENTIFIC 


America’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


IN THE U.S.A, Chicago Philadelphia IN CANADA 
Boston Cleveland Pittsburgh Edmonton 
Buffalo Detroit St. Louis Montreal 
Charleston, W.Va. New York Washington Toronto 


8-61b 
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Designed and Manufactured by 
E. H. SARGENT & CO 
Style: Vertical sirip chart recorder, 
for laboratory bench operation. 
three individual, separable, and self contained 
units; viz., control panel assembly, amplifier 
and power supply chassis, and chart and pen 
drive chassis unit 
Automatic null balancing potentiometric sys- 
tem with standard cell standardization by panel 
control, conventional chopper-amplifier 
method with special Sargent high gain amplifier 
and high stability Sargent bridge power supply 
using combined or alternate dry cells and 
mercury cells. Use of the latter obviates need 
for standardization over very long periods. 


designed 


Ranges: Multiple full scale ranges selected by 
panel range switch as follows: 1.25, 2 


12.5, 25, 50, 125, 250, 500, 1250, 2500. ‘All 
ranges are made direct reading as full scale 
deflection in millivolts, milliamperes, or micro- 
amperes by use of an associated units selector 
switch. All 33 scales provide true potentio- 
metric measurement. An additional series of 
the same eleven ranges in terms of volts is 
provided by an additional selector switch posi- 
tion, this series using a divider input with an 
impedance of one megohm. 

True potentiometric measurements are thus 

provided to a maximum of 2.5 volts, higher 
voltages only being measured through a divider. 
Accuracy: 0.1°; or 20 microvolts, whichever 
is greater. 
Chart: Width, 250 mm; length, 120 feet. Ruling 
rational with all ranges on a decimal basis. 
Indexed for reference. Graduated steel scale 
provides for any necessary correction of cali- 
bration. Two-position writing plate, 15° or 40 
from vertical 


Chart Drive: Forward drive recording, reverse 


SARGENT 


Assembly of 


THE SARGENT 
LABORATORY 
RECORDER 


Patents Pendir 


An automatic, self-balancing potentiometric 
recorder which measures voltages or current 
and graphically records these variables 

as a function of time 


® MULTI-RANGE—40 ranges. 


® MULTI-SPEED—9 standard chart 
speeds. 


VOLTAGE OR CURRENT RECORDING 
for measurement of voltage or current 
or any other variable which can be 
translated to voltage or current signals. 


FLEXIBILITY OF APPLICATION 
® DESIGNED FOR BENCH OPERATION 


drive recording, magnetic brake eliminating 
coasting when stopped and free clutch position 
with separate provision for rapid non-syn- 
chronous drive 
Recording speeds of 4%, YY, 1, IY, 2, 2%, 
4, 8, and 12 inches per minute, selected by 
interchange of two gears on end of chassis 
Free clutch or neutral drive at the rate of 
approximately 20 feet per minute in either 
direction for rapid scanning of recorded in- 
formation, chart reroll, or chart positioning. 
Recording either by automatic take-up on 
roll or with free end chart and tear off 
Synchronous switching outlet for automatic 
synchronization of external devices with re- 
cording. 


Pen Speed: |.8 seconds full scale. Other speeds 
can be provided on special order with change 
of motors. 


Bridge: Special Sargent specification, ganged 
Helipot with resolution several times common 
commercial practice. Provision for coupled 
transmitting potentiometer for output to in- 
tegrating circuits, etc. 

Damping: Dynamics controlled with single 
panel knob adjustment of amplifier gain. 
Dimensions: Width, 211 
inches; height, 24 inches; 
pounds. 


S-72150 RECORDER — Potentiometric, Sargent. 
Complete with two S-72165 chart rolls: two 
each §-72175 pens; red, blue and green; input 
cable assembly; synchronous switch cable as- 
sembly ; plastic dust cover; spare ring for take- 
up mechanism; spare pen drive cable assembly ; 
and fuses. For operation from 115 volt, AC.. 
single phase, 60 cycle circuits $1725.00 


inches; 
weight, 


depth, I: 3 


about 75 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS @ SUPPLIES © CHEMICALS 





E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA, 


Jour. of Lab. & Clin. 


Med. 














for consistently 
reliable 


THROMBOPLASTIN PROTHROMBIN prothrombin-time 


EXTRACT TIME PLASMA : : 
STANDARD elssictaaillateiitelars 








disposable 


monoject. 





THE 
ALUMINUM HUB 
NEEDLE 


always CLEAN — always SHARP 
DISPOSABLE to ELIMINATE the 
danger of CROSS-INFECTION. 


The efficiency and economy of monoject “100” has been tested and 
proven by America’s leading hospitals. Costs less than 4¢ a needle. 


MANUFACTURED IN U.S.A. BY 


ROEHR PRODUCTS C@O., Inc. 


WATERBURY, CONN. © DELAND, FLA. 
World’s Largest Manufacturer of Hypodermic Needles 


“Wile ROEHR PRODUCTS CO., Inc., DeLand, Fla [ot furithtr infotmalon ———— 
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blood and plasma volume 
measurements using radioactive 
human serum albumin 


Nuclear-Chicago equipment shown being used includes new 
DS5-5 Well Scintillation Counter and new 132 Analyzer Computer. 


Biood and plasma volume measure- 
ments are based on the dilution which 
takes place when a known amount of 
radioiodinated human serum albumin 
is introduced into and becomes mixed 
with the total circulating blood. After 
10 minutes mixing is complete and the 
same volume is withdrawn. The de- 
crease in radioactivity is directly pro- 
portional to the dilution in the blood. 
Calculation is then easily made of the 
total blood volume. 


Since the radioactive material is 
bound only to the plasma, it is possible 
to separate the plasma from the whole 
blood, again measure the radioactive 
dilution, and thus also have a measure- 
ment of the plasma volume. 


The precision Nuclear-Chicago in- 
struments shown above are ideal for 
measuring the radioactivity in blood, 
plasma, or urine samples and may be 
used in other clinical applications in- 
cluding red cell mass and red cell sur- 
vival studies with radioactive chromate, 
diagnosis of pernicious anemia with 
radiocobalt vitamin B;2, and measure- 
ment of fat digestion and absorption 
with radioiodine labelled triolein. 


We have prepared a brochure describing in de- 
tail oneeffective method of making blood and 
plasma volume measurements to- 

gether with detailed information 

on nine other routine radioisotope 

procedures. Write for your copy 

of “Diagnostic Applications of 
Radioactive Isotopes” today. 


Radiowolopes are ctealing new frontiers in medicine a’ 
nuclear - chicago 


c Oo wf FPO Fe aT tit oOo WN 


249 WEST ERIE STREET * CHICAGO 10. ILLINOIS 








The Interpretation of the 


UNIPOLAR ELECTROCARDIOGRAM 


by 
GORDON B. MYERS, M.D. 
Professor of Medicine 
Wayne University College of Medicine 
Head, Department of Medicine 
City of Detroit Receiving Hospital 





Table of Contents 
164 pages (8'2.” e* 
A. Price, $4.75 
Introduction 
The Relation of the Electro- ; 
cardiographic Deflections to rhis work is the outgrowth of previous manuals pre- 
Mechanical and Electrical pared to supplement the Graduate Course in Electro- 
Events in the Cardiac Cycle : 2 -— é . 
Praag cardiography given at Wayne University College of 
Medicine for many years. The objective is an organized 
presentation of the interpretation of the unipolar elec- 
» ] + . > ‘e. . re ° ° ° ° 
Procedure for the Interpre trocardiogram. The only basic physics included is that 
tation of Multiple Precordial ¥ - ial t 2 ap al Geeta 
and Unipolar Limb Leads conside red ess nual to the interpre tation of the trac ing ; 
* * *# controversial theories that do not contribute to clinical 
analysis have been omitted. 


B. 


C 
Origin and Form of the The analysis of the arrhythmias is made from leads that 
Normal and Abnormal clearly display auricular as well as ventricular deflec- 
ORS-T Complex. ; ' - pe : : Poul on : 
nee ae tions; the interpretation of the QRS-T complex is based 
upon the findings in multiple precordial and back leads, 
supplemented, when necessary, by esophageal and uni- 
1soO > » } . rr . a - 
Disorders of Rate and polar limb leads. The registration of the normal and 
Rhythm. ee ; 
elgg abnormal QRS-T complex is based upon concepts de- 
veloped by Frank N. Wilson and associates and shown 
ae to be consistent with experimental and post-mortem 
. ) & i) . . Tr . . 
Summary of QRS-T Patterns findings. These concepts have been presented in detail 
in Unipolar Thoracic and : : ‘ ; : ; 
peg ere and suitably illustrated with diagrams as an introduction 
to clinical analysis. Efforts have been concentrated on 
a systematic lucid description of electrocardiographic 
findings in an attempt to make reproduction of tracings 
unnecessary. 


D. 


E 











Electrocardiographic interpretation in this manual has 
been approached as an entity, in order to facilitate de- 
scription and evaluation of its contribution to Cardiology. 


THE C. V. MOSBY COMPANY 

$207 Washington Blvd. 

St. Louis 3, Missouri 

Gentlemen: Send me Myers “‘THE INTERPRETATION OF THE UNIPOLAR ELECTROCARDIOGRAM 


priced at $4.75 Attached is my check Charge my account. 
Postage Paid Postage Extra) 
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Micro-Hematocrit Ot —Taligiiere |= 


SAFE! 


A QUIET! 


be 18 i ted. 4 


STOPS FAST! 


CLAY-ADAMS, INC., New York 10 
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Sp diSP 0 products 


reduce time-wasting 
lab chores and 
cut costs 3 ways 


They're so economicai—you use them 
once and then discard them. 


They reduce routine tab work—no need tor ‘ 
lor fast, convenient 
washing, sterilizing, storing. sterilization of pipettes 
and petri dishes. 
Transparent glassine is 
permeated by steam for 
e sterilization. 
ng, pressure- 
sensitive adhesive. 


They increase accuracy—by preventing 
cross contamination. 


No. 62124—diS Po-wraps 
for petri dishes—fit 60 
mm or 100 mm dishes. 
2,000—$27.£0 
No. 67795—diSPo-wraps 
for pipettes—for 
sterilization of one or 
two pipettes. 19” « 1%”. 
: 80 


diSPo-dishes—made of pyrogen-free 
clear plastic, contain no inhibiting 
agents and are inert to most biologi- 
cal reagents. Uniform—optically clear 
—scratch free—no lime fogged plates 


diSPo-funnels and support—for pre- 
paring protein-free filtrates. diSPo- 
funnels are made of thin, non-wetting 
plastic—strong enough to be used 
several times and then discarded. Un- 


affected by inorganic chemical solu- 
tions. Volume—10 to 15 mi. Use with 
9 cm filter paper. 


No. 64290—100 diSPo-funnels—$4.50 
No. 64291—support—$1.50 


Complete with cover 


No. 62088B—100 mm dish—500—$40.00 

No. 62089—150 mm dish—100—$37.50 

No. 62087—60 mm dish—500—$32.75 

No. 62086—50 mm dish—for membrane 
filter techniques—500—$48.40 








diSPo-cups—the safe, con- 
venient way to store or trans- 
port lab specimens. Plastic 
coated interior resists leak- 
age or absorption. Space on 
cup and cap for data. 8 oz. 


No. 61785—250 diSPo-cups— 
$10.00 





diSPo-trays—wherever many test tubes or culture 

tubes are used. Each tray contains 96 cups or con- 
cavities (12 rows of 8). Each concavity has 20 mm 
diam., 10 mm depth, 2.7 mi volumetric cap 

No ee Saree, opaque styrene. Each, in box 
of 10—$.4 


No. 689658—diSPo-tray, clear vinyl. 


Each, 
of 10—$.70 


in box 


Adis. 


Scientific Products—a single source for all taboratory supplies and i For 1 informa. 
tion on cost-saving diSPo-products, write our nearest Division office or consult your SP representative. 


SGHemMaVFe I PrOclnats 


HOSPITAL SUPPLY CORPORA 
New York « wreath * Kanses City + Minneapolis + Atianta + shmlehin * Dallas 
Los Angeies « San Francisco 
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Kodak reports on: 


radiography for topography... keeping . 
faith with the medical technologists... what ‘yy 
every practical-minded photomicrographer 
should know 


Now that your attention 
has been secured in so dr 
matic a fashion to this new 


eclellesaecteleremcusabellelemiels 


revealing fine details of to- 


pography, maybe an idea 
will spring forth that will 
establish an important new 
ise for x-ray film 

Note, please, that you 
see the fingerprint right 
through the bone. This is 
more than just dusting with 
a tet leyerctel e substance. 
Radiogray \ iS actually 
plotting a surface contour 
Ab aleme) Me Mectelle)itiesel@elel ae! 
at that. The entire finger 
was placed in a finger cot 
filled with zinc bromide so- 
lution, a liquid of radio- 
pacity higher than that of 
tissue. An X-ray. passing 
through a ridge of the fin- 
gerprint pattern encounters 
less absorption than one 
through a valley. In effect, 
Pim eclelreyercteltrmmirepeiremmancey ie 
has been cast. Such molds 
also can be held between 
cellulose acetate sheeting 

The sensitiv y to path 
difference is amazing. A 
sheet of cellulose triacetate 
only .001” thick has been 
visualized even with a 
quarter-inch of aluminum 
in the path of the x-rays. 
Very small elevations ‘or 
depressions on the surface 
of a thin radiolucent ma- 
terial could be portrayed 
with low-voltage x-rays or 
monochromatic radiation 
that is absorbed by the 
liquid, 


Calcium without regrets 


In the matter of 2,5-Dichloro- 
3,6-dihydroxy-p-quinone our 
hand has been forced, though 
we have no regrets. Its trivial 
name is chloranilic acid. We 
have listed the compound for 
years as Eastman P4539. Now 
along comes Technical Bulletin 
of the Registry of Medical 
Technologists with a paper 
(27, 160(1957)) where East- 
man P4539 is used in a spec- 
trophotometric determination 
of calcium levels in body 
fluids. We are honored, but 
this is kind of delicate work. 
“P”’ stands for Practical Grade, 
meaning a respectable commer- 
cial quality chemical, purveyed 
without anxiety lest there re- 
main a bit of cloudiness when 
0.1 gram is dissolved in 10 mil- 
liliters of 0.4°% sodium hy- 
droxide solution. Conscience 
compels us to offer a non-P 
Eastman 4539 to keep faith 
with readers of Technical Bul- 
letin of the Registry of Medi- 
cal Technologists. 

It is but one of some 3600 Eastman 
Organic Chemicals obtainable from 
Distillation Products Industries, Roch- 
ester 3, N. Y. (Division of Eastman 
Kodak Company). Until recently the 
figure was “some 3500." This must 


mean that we are adding new ones 
faster than we are dropping old ones 


Up two bits 

Whoever wants to learn how 
to do photography through 
the miscroscope should read 
“Photography through the 
Microscope.” Kodak dealers 
stock it or can order it from 
us, the publishers. 

The main difference between 
the 75¢ Second Edition and 
the 50¢ First Edition is that 
the didacticism on the theory 
of the photographic process 


has been eased off. In its place 

there is a tour under escort of 

a practical-minded photomi- 

crographer along the shelves 

of new photographic materials 

uncorked in the last few years. 
Contents: 


The Microscope 
( Ibjec tives 
Oculars 
Substage Condenser 
Resolution 
The Microscope and the Camera 
Simplified Photomicrography 
General Photomicrography 
Equipment 
Light Sources 
Magnification 
Photographic Materials for 
Photomicrography 
Negative Sheet Films and 
Plates 
Negative Roll Films 
Negative Material 
Characteristics 
Color Films 


ilumination of the Subject 
Bright Field 
Dark Field 
Methods of Illumination 
Abbé-Nelson Illumination 
Kochler Illumination 
Reflected-Light Technique 
Procedure 
Semiprofessional Setup 
Simplified Setup with a Hand 
Camera 
Filters 
Kodak Wratten Filters 
Liquid Filters 
Filter Factors 
Filters for Color Photomicrography 
Biological Stains 
Determination of Exp e 
Criteria for Judging Exposure 
Calculating Exposure for Different 
Conditions 
Light Meters in Exposure 
Determination 
Special Techniques 
Metallography 
Photomacrography 
Polarized Light 
Ultraviolet Photomicrography 
Fluorescence Photomicrography 
Infrared Photomicrography 
Phase Contrast Photomicrography 
Cinephotomicrography 
Electron Microscopy 





This is another advertisement where Eastman Kodc< Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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Lederle announces a major drug with great new promise 


Jn 


AVRIL 








a new corticosteroid created to minimize the 


major deterrents to all previous steroid therapy 


Jour. of Lab. & Clin. Med. 








OCOrit 


Triamcinolone LEDERLE 
9 alpha-fluoro-16 alpha-hydroxyprednisolone 


a new high in anti-inflammatory effects with lower dosage 


(averages 1/, less than prednisone) 


a new low in the collateral hormonal effects associated 


with all previous corticosteroids 


0 No sodium or water retention 
0 No potassium loss 
0 No interference with psychic equilibrium 


0 Lower incidence of peptic ulcer and osteoporosis 
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PORTABLE AUTOCLAVES 


TWO MODELS ¢ FOUR SIZES 


Automatic Steroclave 
Electric Heat 


A complete, self-contained sterilizer for hos- 
pitals, laboratories, doctors and first aid sta- 
tions, providing efficient sterilization facilities 
at low cost. Instruments, gauze or bandages 
are sterilized in 20 to 30 minutes. 


Steroclaves are made of high quality cast 
aluminum alloy with cast aluminum racks and 
have a stamped, seamless aluminum inset 
crate The cover is fitted with a dial gauge, 
valve control, handle and flexible metal ex- 
haust tube Metal-to-metal seal eliminates 
need of gaskets. Temperature is controlled by 
a thermostat and heat supplied by a 1000 watt 
immersion heater Sterilizing capacity 831 
cubic inches 


Cat. No. M-92428 Steroclave, 110 volts, A. C 
Ea $92 95 





Pressure Sterilizers 
Gas Heat 


For low cost sterilization this portable steam pressure 
sterilizer cannot be surpassed 


Made to the same high standards as the “Steroclave.’ 
Dressings are made sterile in about 30 minutes and are 
ready for immediate use. Has an accurate pressure, 
safety plug, metal air release tube for quick exhaustion 
of air, cool bakelite handle and wing nuts. Thoroughly 
tested for safe, fool proof operation with a minimum 
amount of attention 


Can be heated by gas plate, electric stove, or alcohol 
burner 


Cat. No. M-92429 — Sterilizer—15% quart capacity 
Ea. $31.50 

M-92429A Sterilizer—25 quart capacity 
Ea $34 95 

VM -92429B Sterilizer—41\2 quart capacity 








STANDARD SCIENTIFIC For 


S 808 BROADWAY REAGENTS 
ft. NEW YORK 3, N.Y a 
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Te Wah On 06 ey 
BUR y our EXPERIMENTS 


Your experiment is progressing, and definite 
progress is being made. Then suddenly, fibrillation. 
What now? You lose the dog or you must go 

inside and massage the heart — in either event 

it means costly and troublesome delays. But with 
the new ELECTRODYNE D-72 EXTERNAL 
DEFIBRILLATOR ventricular fibrillation need 
not be the irreversible end, because it is only a 
matter of seconds between fibrillation and continu- 
ing your experiment. 


The ELECTRODYNE D-72, now in use in many 
of the leading hospitals in the country, was 
originally developed by Paul M. Zoll, M. D. in 
cooperation with his associates at the Beth Israel 
Hospital, Boston. The EXTERNAL DIFIBRILLA- 
TOR is definitely a proven* instrument for clinical 
treatment of ventricular fibrillation and persistent 
ventricular tachycardia through the unopened chest. 





2 REFERENCES: Zoll, P. M., et al.: Termination of Ventricular 
Fibrillation in Man by Externally Applied Electric Counter- 
shoc k 


Zoll, P. M., et al.: The Effects of External Currents on the 
Heart. Circulation, 14: 745-756, November, 1956. 


gPECIALISTS jy, 


L 


<> 
"Oicar erectro™ 


ELECTRODYNE COMPANY, INC. 
65 Endicott St., Norwood, Mass. 


Your inquiries for further information and specific technical information will receive prompt attention. 
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SECTION OF RESEARCH 
AND DEVELOPMENT 


SECTION OF SHOWROOM 


MAIN BUILDING 


Thoms GIVES YOU SUPERIOR SERVICE 


You deal with headquarters 
Competent technological staff on call. 
Orders filled promptly from vast warehouse. 


You draw on large stocks 
ORDER EDITING Three to six months supplies of 22,000 items 
—mostly prepackaged—in our stock for im- 
mediate shipment. 
Widest assortments of Corning, Kimble and 
Coors items available from any single source. 


You select from 1726-page 

catalogue and supplement 
An encyclopedic catalogue and supplement 
with factual, detailed descriptions —standard 
reference source throughout the free world. 


You save time and money 
Extensive pneumatic tube systems and con- 
veyors speed delivery of orders. 
More than 92% of orders shipped within two 
working days after receipt. 
Accurate invoices and packing lists. 
Substantial packing which keeps breakage 
to less than 1/20th of 1%. 
One-price policy which insures lowest prices to 
all buyers—advance quotations unnecessary. 


INVENTORY CONTROL 


You are assured of satisfaction 


Stocks carefully selected and continually in- 
spected for quality and performance. 
Prompt refund for any item found to be un- 


ORDER FILLING CENTER acceptable for any reason. SS 


oe an ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS More and more laboratories rely on ~— Laboratory Apparatus and Reagents 


VINE ST. AT BRD ¢ PHILADELPHIA S&S. PA. 
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Medicine 


JANUARY, 1958 


LETTER FROM THE EDITORS 

Dr. S. Howard Armstrong, Dr. A. C. Corcoran, and Dr. Randall G. Sprague 
have completed their six-year terms on the Board of Editors. On behalf of 
the Central Society for Clinical Research and the Editorial Board, we wish to ex 
press our appreciation for their valuable services. 

Dr. William H. Daughaday, Dr. Robert A. Good, and Dr. Donald W. 
Seldin have accepted appointments on the Board of Editors. 

During the past year the Editors and Board members have called upon 


many of the associates and colleagues in other universities to aid them in the 


evaluation of manuscripts. Those who have participated in this capacity in 
the past year are: 


Albert, Alexander Gerard, Ralph W. Reiffel, Leonard 
Alpern, Mathew Goldwasser, Eugene Riley, Gardner 
Baker, Burton L. Gray, Seymour J. Robertson, W. V. 
Bauer, Jere M. Gutman, Alexander B. Roseman, Saul 
Berson, Solomon A. Hagen, Paul 8. Ruffin, Julian 
Bishop, Ronald C. Hamburger, Morton, Jr. Salassa, R. M. 
Bohr, David F. Harrell, E. Richard, Jr. Schilling, Robert F. 
Sollett, Jay Haserick, John Schroeder, Henry A. 
Bolt, Robert J. Hasterlik, Robert J. Seldin, Donald W. 
Braude, Abraham I. Henley, Keith Simons, Charles 
Bricker, Neal Hoobler, S. W. Sloan, Herbert E. 
Carr, Edward A., Jr. Jacobson, Leon O. Soloman, A. K. 
‘handler, Joseph P. Johnston, Franklin D. Stare, Fred 
‘hristensen, Halvor N. Kark, Robert M. Stollerman, Gene H. 
‘hristman, Adam A. Katz, Louis N. Storaasli, John 

‘ole, Jack Kerby, Grace Streeten, David H. P. 
‘onn, Jerome W. Korst, Don Swell, Leon 

‘oon, Minor J. Lapides, Jack Talbott, John 

‘raig, Donald E. Lewis, Lena Taplin, George V. 
Davenport, Fred M. Lewis, Jessica Tsao, M. U. 
Davenport, Horace W. Loosli, Clayton G. Vilter, Carl F. 
Davey, Winthrop N. McCullagh, Ernest P. Watson, Cecil J. 
Davidson, Charles 8. MclIsaac, William Weller, John 
DeJong, Russell N. Manger, William Wheeler, A. H. 
DeWeese, Marion Mathews, Kenneth P. Wiggins, Hugh 8. 
Dodson, Vernon N. Mattox, Vernon R. Wilkinson, C, F. 
Dunstan, Harriet Meyers, Muriel Will, John 
Dziewiatkowski, Dominic Mickelson, Olaf Williams, Robert H. 
Eckstein, Henry C. Moore, Carl V. Winzler, R. J. 
Fajans, Stefan 8. Narahara, Hiromicki Wolff, Harold G. 
Falls, Harold F. Necheles, Thomas Woods, Lauren A. 
Field, Henry, Jr. Neel, James Wyngaarden, James B. 
Figley, Melvin Pick, Ruth Ziff, Morris 
Fleisher, G. A. Price, J. Waide Zinneman, Horace 
Freinkel, Norbert Pullman, Theodore Zuelzer, Wolf W. 
Gaebler, O. H. Ragan, Charles 


1 





LETTER FROM THE EDITORS ab. § n. Med 


We wish to take this opportunity to thank the past and present members 
of the Editorial Board for their excellent services to the JouRNAL and to the 


Central Society for Clinieal Research. We would also like to express our ap 


preciation for the cooperation received from The C. V. Mosby Company. 
WitutiAm D. Roprnson, M.D... Eprror 
WituiaAm H. Bererwaures, M.D., Associate Eprror 





CLINICAL RESEARCH—A CAREER 
KENNETH G. KoHLsTAEept, M.D.* 
INDIANAPOLIS, IND. 


T IS a great honor to preside at this, the thirtieth meeting of the Central 

Society. I wish to express my appreciation for the work of our excellent 
secretary, Dr. William Jordan, and for the cooperation and diligence of the 
Council. Each year the task of selecting thirty-six papers for presentation has 
heecome increasingly difficult. Limiting the number of abstracts that may be 
submitted by any one member has produced only a slight decrease in the total 
received 

The large number of well-qualified young men proposed for membership 
in 1957 indicates that within the geographical boundaries of the Central Society 
the future for clinical research and academic medicine is very bright. 

Precedent decrees that at this point I have the privilege of addressing vou 
on a subject of my own choice. With two exceptions, since 1949 the theme for 
the presidential address has dealt with some phase of medical research or edu- 
eation. I wish to continue the discussion of these all-important subjects. 

We are all aware of the publie interest in medical research. It has been 
whetted by articles in the magazines and by television shows which all too often 
portray only the glamorous and spectacular aspects. Even the Wall Street 
Journal reports new advances in therapy. Congress has responded by ap- 
propriating huge sums. ‘‘Crash programs’’ are popular because many persons 
believe that, given enough money, one can buy an answer to any problem. 
Voluntary health organizations have flourished and have come to play an im- 
portant role in lay and professional education. 

Aequiring new and bigger buildings with more gadgets and expensive 
equipment has become the goal of some investigators, and thereby they have 
allowed ‘‘the pure delight’’ of medical research, as it was so well described 
by Dr. Ed Allen,’ to escape them forever. Professor Haldane,’ of Oxford, used 
to say there were three stages in the career of any great man of science. In the 
first he did some notable piece of work, often in the corner of a cramped and 
sparsely fitted laboratory. In the second he spent his time planning a new 
and splendid building wherein he proposed to carry on and extend his re- 
searches. In the third he spent most of his time showing visitors around his 
fine laboratories. Adequate financial support and adequate laboratory space 
are essential, but these are of no value unless they are used by competent, 


well-trained investigators who are in turn supported by an adequate number 


of technieal assistants, the ‘‘para-medical staff.’’ 


Presidential address, Thirtieth Annual Meeting of the Central Society for Clinical 
Research, Chicago, Illinois, Nov. 1 and 2, 1957. 

*Director, Clinical Research Division, Eli Lilly and Company, and Professor of Medi- 
cine, Indiana University School of Medicine, Indianapolis, Ind. 
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In 1956, in his presidential address, Dr. Clayton Loosli® discussed medical 
education and training in research. He ealled attention to the need for formal 
training in the ‘‘art of scientific investigation.’’ Dr. Loosli noted that this 
subject receives little attention from our professional medical educators. In 
my opinion this problem deserves our thought, and I would like to consider 
what we might do to stimulate interest in clinical research and teaching as a 
career. Research and teaching must always be considered as a single entity 
Dr. Willard Rappleye,* Dean of Columbia University School of Medicine, has 
said, ‘* Research is the life blood of medical education and progress. Efforts 
to separate them are both unrealistic and illogical.’’ 

The major effort in most educational programs for resident physicians is 
presently directed toward preparation for practice. Many persons assume that 
somehow (perhaps by ‘‘osmosis’’) training for clinical research will be 
acquired during a period of hospital service. 

Today we frequently hear the complaint that resident physicians have 
only one interest—getting information that will enable them to pass an examina- 
tion for certification by a board. The Board of Internal Medicine has done an 
excellent job in devising examinations that test both knowledge and skill. It is 
difficult, however, to evaluate the true competence of a physician by his ability to 
pass an oral and written examination. Dr. Alan Gregg,® a man who in his life- 
time had broad experience in viewing medical education and research programs 
in many parts of the world, stated in his Bampton Lectures at Columbia in 
1953, ‘‘ The examiner does not find out what the candidate knows. He only finds 
whether the eandidate knows what the examiner knows.’’ The danger of an 
examination is that originality and freedom to go bevond the knowledge of 


the old ‘‘practitioner’’ may not be adequately .«.couraged. Dr. Gregg pro- 
be 


poses that the task of rewarding originality and mature cempetence en- 
trusted to full-time teachers and investigators 

What can we offer as an alternative for board examinations? Perhaps a 
degree patterned after a Ph.D. in the preclinical science could be conferred on 
the physician who has proved to his faculty that he was a competent clinician 
and experienced scientific investigator. In some institutions a Doctor of Medi 
cal Seience or Ph.D. degree in a special field of medicine already exists—or at 
least is described in the eatalog. In some instances such a degree may have 
heen awarded for an extension of resident training. 

[ would propose that a program be developed with great care, so that the 
quality of graduate training would be equal to that required for a Ph.D. de 
gree in a major science such as chemistry, mathematics, or physics. Collabora- 
tion between the faculty of the medical school or research institution and per- 
sons in the administration of graduate education would be desirable. 

In addition to experience with patients, the trainee for clinical researcl 
must have time for laboratory science. Experience has proved that these must 
oceur at separate periods. The individual who attempts to work in a laboratory 
and at the same time serve as resident physician usually does neither assign- 
ment well. It would be difficult to cram all of the training needed for clinical 
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research into the period now required for a medical resident to qualify for 
board examination. If we include two years of military service, twelve or 
thirteen years are needed to complete the program; therefore, it would not be 
feasible to add training in research after completion of the residency. 

I believe we should begin the program at the undergraduate level. Re 
cently, ieaders in medical education have given serious consideration to ‘‘tele- 
scoping’’ the premedical and medical programs. I would propose that we con- 
sider integrating the last two years of medical school with a program aimed 
at providing training in clinical research after graduation. Experience in 
research and contact with clinical investigation is now being made available 
in some medical schools. In one institution with which I am familiar, a quarter 
at the end of the junior year and the first quarter of the senior year can be 
set aside for students for a research project. 

A criticism which is frequently voiced when an attempt is made to place 
medical students in contact with persons doing research is that ‘‘scientific 
training dries up the milk of human kindness.’’ Dr. Dana Atchley® remarked 
that he had never seen a sympathetic person frozen by a research career, nor 
a cold, tactless individual thawed by general practice. 

A unified program involving the junior and senior years of medical school 
and the internship and three years of residency could be so organized that time 
for a period in physiology or chemistry could be provided. In one midwestern 
university the resident in medicine may spend a whole year in the physiology 
department. During internship, time for instruction in other phases of train- 
ing, i.e., medical statistics, could be included without seriously impairing the 
clinical work. 

Excellent programs could be devised, but a greater flexibility in the medi- 
eal curriculum than now generally exists would be needed. In some schools 
there are few electives. In a medical school with which I am associated, 150 
students in each class receive the same training in the junior and senior years 
regardless of their plans for the future. 

It. would also be unwise to make experience in research compulsory. Dr. 
Dana Atchley,® in his address at the 53rd Annual Congress on Medical Edu- 
cation and Licensure, emphasized that ‘‘no manipulation of the curricu- 
lum and no brilliance of pedagogy can compare with participation in re- 
search for the production of a scientific critique.’’ He also said, ‘‘ Nothing is 
more futile than forced or contrived involvement in a research problem.’’ 

At the end of the second year, some students, with faculty advice and guid- 
ance, could be selected for a career in research, and the final decision would be 
based on the students’ experience during the elective time allocated for a elini- 
cal research project during the junior and senior years. 


Last year Dr. Randall Sprague’ told this Society that the spirit of inquiry 
must be cultivated and that the fledgling investigator needs to be exposed not 


only to patient care and diagnosis, but to the scholarly discipline of the clinical 
investigator. Dr. Wesley Spink* has called it the ‘‘spirit of the inquiring 
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physician.’’ He stressed the importance of knowledge of the natural history 


of disease as a prerequisite to clinical investigation, regardless of whether we 
are searching for a cause or evaluating a new therapeutic agent. 

It is not possible to have one program that would be adaptable to all uni- 
versities or research institutes. Certainly the interests of the student would 
need to be considered. Perhaps an advisor from the faculty or research staff 
would be given the task of developing the course for each student contemplat- 
ing a career in medical research. Resident physicians participating in a plan 
such as I have outlined would have more than a superficial contact with re 
search. 

In some institutions participation by the resident in a research program 
may be very superficial. In fact he may be ‘‘rewarded”’ simply for a good 
job of case finding, drawing of blood samples, or writing orders for coded 
drugs by having his name placed on a paper as co-author. The study may 
have been well planned and executed, but this was accomplished by the senior 
investigators. If the ‘‘research team’’ produces a number of excellent and im 
portant contributions, the resident may aequire a substantial bibliography 
without ever having actually written a paper or developed an idea for research. 
The resident leaves the team to begin practice and, having decided he is a ‘‘re 
search expert,’’ is eager to undertake any problem that is suggested. Beeause 
he lacks training in the art of investigation, his efforts may not produce satis- 
factory results. He is discouraged and unhappy. Ile may express bitterness 
toward those who had the good fortune to receive guidance and supervision 
and experience in all phases of research. Furthermore, a great deal of money 
ean be wasted by the physician without training who is attempting to do re 
search 

The physician may, in the course of a brief experience with a research 
group, learn a teehnique in which he becomes very proficient—he may be a 
‘pro”’ rather than a professional! man. This difference was deseribed by Dr. 
Clifford Rassweiler,’ President of the American Chemical Society. A ‘‘pro”’ 
is one who by mere practice or training and repeated performance has gained 
a high degree of skill in some specialized activity. This skill sets him apart 
from men who cannot match his accomplishment. The ‘‘pro’’ may lose his 
skill if he doesn’t practice, but the work for which he is paid may supply all 
the practice required for maintenance of skill. He needs little or no studying. 
On the other hand, continuous ‘‘self-edueation’’ is the mark of distinction of 
the true ‘‘professional man.’’ Tis position and his compensation are based 
on the knowledge he has acquired, This must be kept up to date by reading 
and attending scientific meetings. He must use this knowledge to instruet 
others 

Finally, another reason for establishing a **degree’’ which eould be 
awarded physicians who are trained investigators would be the medico-legal 
aspect of medical research. A man who has been guided and supervised by an 


experienced investigator will be cognizant of the moral responsibilities and the 
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rights of the patients or volunteers whom he may study in the course of an in- 
vestigation. Should an unfortunate accident occur, the fact that the investi- 
gator had earned a degree for postgraduate training in elinical and laboratory 
medicine would be an asset in any legal difficulty that might arise. 

Over a period of years I have visited many laboratories and have engaged 
in cooperative efforts with many clinical investigators. I am convinced there is 
no substitute, no. short-cut for adequate, well-planned, and well-supervised 
training in clinical research. 

This can be accomplished in a hospital or research institution not directly 
affiliated with a medical school. In the area of the Central Society there are 
several centers which have training programs that fulfill all aspects of the 


plan I have just reviewed. I hope my remarks may stimulate interest in the 


development of a program which will lead to the award of an advaneed degree 
for proficiency in clinical research. 

Today industry recognizes academic degrees in pay seales and in the se- 
lection of persons for advancement. If a ‘‘degree in ¢linical research’’ signi- 
fied a thorough training in clinical medicine and the art of scientifie investiga- 
tion, it would be very helpful as a guide to those charged with allocation of 
funds for research or with selection of persons for appointment to the staff of 
a medical school or hospital interested in research and teaching. This recogni- 
tion might stimulate young men and women to seek this degree in preference, 
perhaps, to certification as a specialist by a board examination. 

The success of these programs depends on our wholehearted support. When 
we encourage young people to make ¢linical research a career, we are fulfilling 


the objectives of this Society, ‘‘to cultivate research and develop yvoung men.’’ 
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CLINICAL AND EXPERIMENTAL 


STUDIES ON THE NATURE OF THE PLASMA ERYTHROPOLETIC 
FACTOR(S) 
James W. LinmMan, M.D.,* FRANK H. Betuety, M.D.,** anp 
Martua J. Lona, M.S.* 
CHicaGco, ILL., AND ANN ArRBor, MICH. 


HE existence of a humoral factor or factors with erythropoiesis stimulating 
activity has received considerable experimental confirmation in recent years. 
Although the chemical nature of the plasma erythropoietie factor is not known, 
some of its physical attributes have been deseribed. We have found it to be 
stable over a wide range of temperature, acid soluble, destroyable by ashing, 
and not precipitable by perchlorie acid. 


Ultraviolet absorption studies of 
**anemie’’ 


plasma have shown that although boiling and precipitation with 
perchloric acid removed 92.3 and 94.1 per cent of the materials absorbed at 
wave lengths of 260 and 280 my, respectively, the erythropoietic activity was 
not altered. The active factor is not removed by passage through either positive 
or negative ion exchange resin columns. 

Preliminary experiments in our laboratory indicated that the factor was 
extractable with ether from boiled plasma extracts... This report constitutes 
an ext*nsion of these studies concerning the ether solubility of the erythropoietic 
factér present in the plasma of phenylhydrazine induced anemic rabbits. 


ow 
3 MATERIALS AND METHODS 
% 
i 


lult New Zealand rabbits were rendered anemic by the daily administration of 1 ml. 
of a 2.5 per cent solution of phenylhydrazine subcutaneously. After 6 to 7 such injections, 
with hemoglobin levels in every instance below 7 Gm. per cent, the animals were exsanguinated 
via the abdominal aorta and the plasma was immediately frozen pending preparation of the 
various extracts described below. 

The plasma was divided into two portions. One aliquot was extracted 5 times with 
a volume of reagent ether equal to the original volume of plasma. The ether phase was 
then placed under reduced pressure to remove the ether and reconstituted to the original 
volume of the plasma with distilled water. This fraction 


was labeled ‘‘whole plasma—ether 
soluble.’’ 


The water phase was boiled and precipitated with perchloric acid according to 
the method we have used before? and labeled ‘‘ PFPE 


(protein-free plasma extract post- 
plasma ether extraction.’’ 


PFPE was then prepared from the remaining plasma. 


This mate 
rial was also divided into two parts. One portion was labeled PFPE 


and the other was 
extracted 5 times with an equal volume of reagent 


ether. The water phase was labeled 
‘*PFPE-ether insoluble’’ 


and the ether phase was evaporated to complete dryness. 


Reagent 
ether was then added in an amount equivalent to twice the original volume of 


plasma, 
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filtered, and the filtrate was subjected to reduced pressure and all ether removed. A small 
amount of greenish oily material remained following this procedure which was reconstituted 
with distilled water to the original volume and labeled ‘‘PFPE-ether soluble.’’ 

Forty-eight female Carworth-Wistar rats weighing approximately 160 grams were 
divided into 2 groups of 12 rats and 4 groups of 6 rats. The groups of 12 rats were in- 
jected subcutaneously with amounts equivalent to 2 per cent of their body weight daily of 
the PFPE-ether soluble and PFPE-ether insoluble fractions for 2 weeks (total of 10 in 
jections, Saturdays and Sundays excepted). Three groups of 6 rats received similar amounts 
of the other extracts listed above. The last group of 6 rats was given Ringer’s solution and 
served as the control. 

Hematologic studies consisted of hemoglobins, hematocrits, and erythrocyte and reticu 
locyte counts. All determinations were obtained prior to the injections and weekly there 
after except for the reticulocytes which were counted twice weekly throughout the experi 
mental period of 4 weeks. Hemoglobins were determined by the cyanmethemoglobin photo 
colorimetric method, hematocrits by the microhematocrit technique, erythrocytes by hema 
cytometer, and the reticulocytes per 1,000 red cells were counted using dried brilliant cresyl 
blue coverslip films counterstained with Wright’s stain. At the conclusion of the 2-week 
injection period, 4 rats in each group of 12 and 2 in each of the other groups were sacrificed 
and femoral marrow examined -by the method previously employed.2 The remaining animals 
were followed for an additional 2 weeks to evaluate the rapidity of return to base-line levels. 

All animals were weighed twice weekly and the amounts of the various extracts given 
subcutaneously were adjusted accordingly. 


TABLE I. AVERAGE MARROW GRANULOCYTIC AND ERyYTHROCYTIC ELEMENTS EXPRESSED AS 
Per CENT OF ALL NUCLEATED CELLS 


TOTAL TOTAI PRO META 
GRANULO ERYTHRO RUBRI RUBRI RUBRI RUBRI 
GROUPS CYTE CYTE BLASTS YTES CYTES CYTES 


PFPE—ether soluble 42.7 46.5 of 3.f 11.6 29.1 


PF PE—ether insoluble 59.3 3 5 : 3.7 3.7 
Whole plasma—ether 

soluble 
PFPE—-post plasma 

ether extraction 


PFPE 


Ringer’s solution 


RESULTS 

Erythropoietie stimulation (Figs. 1 and 2, Table 1) was evident in the 
groups injected with the plain PFPE, PFPE-ether soluble, and whole plasma- 
ether soluble fractions. There was no evidence of accelerated erythropoiesis 
in the rats given the other plasma extracts or Ringer’s solution. As noted be- 
fore’* with boiled plasma extracts, the erythropoietic stimulation was not ac- 
companied by significant changes in the hemoglobins or hematocrits (Tables I] 
and III). The mean corpuscular volume and mean corpuseular hemoglobin de- 
creased in the rats exhibiting the erythrocytosis and reticulocytosis and the 
mean corpuscular hemoglobin concentration remained unchanged. 


Microeytes 
were evident on the stained films and in the hemacytometer. 


The inerease in 
marrow cellularity in the animals with the peripheral evidence of erythropoietic 
stimulation was due to erythroeytie elements involving all red cell precursors. 


The erythroeytosis and retieuloeytosis rapidly disappeared after the injections 
were stopped. 
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TABLE IT. AVERAGE HEMOGLOBIN LEVELS (GRAMS PER CENT 


GROUPS BASE LINE 1 WEEK 2 WEEKS” 3 WEEKS 4 WEEKS 
PFPE—ether soluble od 15.1 14.0 3.8 14.2 
PFPE—ether insoluble a 14.7 
Whole plasma ether soluble 
PFPE postplasma ether 

extraction 


PFPE 
Ringer’s solution 


*Injections discontinued 
TABLE IIT. AVERAGE HEMATOCRIT DETERMINATIONS (VOLUMES PER CENT 


GROUPS BASE LIN} 1 WEEK 2 WEEKS* 3 WEEKS + WEEKS 
PFPE ether soluble 40.9 40.5 40.0 
PFPE—ether insoluble 42.6 
Whole plasma—ether soluble 39.1 
PFPE—postplasma ether 

extraction 41.6 
PFPE 


Ringer’s solution 


*Injections discontinued 


All animals remained healthy throughout the experimental period and 
demonstrated no adverse effects from the injections. 


DISCUSSION 


The observations deseribed above confirm our preliminary studies which 


indicated that at least one plasma erythropoietic factor which we were study- 


ing is soluble in ether. The presence of stimulatory activity in the material 
extracted twice with ether, with evaporation to dryness interposed between the 
two extractions, and the absence of such activity in the other fractions obtained 
from this procedure are findings of considerable import in this regard. They 
eliminate the possibility of this factor being water soluble and ether insoluble 
but present at the water-ether interface or carried over in ihe small amount of 
water present in the ether phase following extraction. The removal of all 
activity by ether from previously unmodified *‘anemie’’ plasma with identical 
responses in recipient animals to the ether extract and the boiled extracts 
affords additional experimental support to the ether solubility of this factor. 
It also indicates that boiling and precipitation with perehlorie acid do not 
alter the factor as measured by the response in the normal rat. 

In the past few years the renewed interest of many investigators in the 
humoral control of erythropoiesis has led to great advances in our knowledge 
of the mechanisms that govern red blood cell production. It may be pertinent 
at this time to review briefly the often strikingly variable experimental results 
that have been obtained. The original demonstration of erythropoietic stim- 
ulatory activity in the serum of rabbits rendered anemie by bleeding was by 


Carnot and Deflandre in 1906.4 Confirmation of this finding and the first use 
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of phenylhydrazine induced ‘‘anemic’’ rabbit plasma as a source of the factor 
were reported by Gibelli in 1911.° Following these observations there appeared 
scattered reports both in aecord®* and in disagreement.* *° The necessity of 
giving large quantities of ‘‘anemic’’ plasma to produce erythropoietic stimula- 
tion was pointed out by Erslev'' and most likely explains the negative results 
noted prior to this time. The finding of stimulatory activity in boiled extracts 
of ‘‘anemic’’ plasma by Borsook and associates’? and Gordon and his co-workers’ 
greatly facilitated the investigation of the plasma erythropoietic factor.  Al- 
though this observation has since been confirmed by many workers,’ '**' other 
investigators have failed to demonstrate activity in such materials.** *° 

The response in the recipient animal to the administration of active plasmas 
and plasma extracts has also varied. The microeytosis, which we have repeatedly 
found in the normal rat of Wistar subline injected with boiled plasma ex- 
tracts, has not been noted by others who have reported inereases in hemoglobin 
and/or hematoerit.’*'* *°** Gordon and associates’? have described responses 
in the rat similar to ours, and Bonsdorff** has reported a lack of parallelism 
between the increase in the erythrocyte count and the other erythroid deter- 
minations. 

Observations on the possible nature of the humoral erythropoietic factor 
have also been at considerable variance. The difference of opinion regarding 
the presence of a stimulating factor in boiled plasma extracts has already been 
mentioned. The adverse affect of oxygen on activity of the factor™ ' *°-*" and 
its passage through a semipermeable membrane'* ** ** ** have also lacked uni- 
form confirmation. Erslev and Lavietes** concluded that the aetive factor is 
attached to, or behaves like, a serum albumin, alpha globulin, or beta globulin. 
Toha and his co-workers'* have suggested that it is possibly a fatty acid ester 
and not an amino acid, purine, or sugar. In 1949, Sandler*® isolated batyl aleo- 
hol from yellow bone marrow of cattle and demonstrated that the compound 
had erythropoietic stimulatory activity. Although the source of this material 
was not plasma, it should be included in a discussion of the humoral control of 
erythropoiesis. Others have suggested that the factor is a trioxomoloaleoholic 
sterol*’ or, more recently, a mucoprotein.”! 

Possible explanations for the widely varying views on the nature of the 
material and its effects are: source and recipient species differences, different 
methods of demonstrating erythropoietic stimulation, alterations in the active 
factor by slightly varied techniques utilized in preparing the extracts thus 
producing a different type of erythropoietic stimulus, and the existence of 
more than one factor. 

The sources of the erythropoietic factor in addition to rabbits and rats, 
have ineluded monkeys,*' sheep,** dogs,’ guinea pigs,°’* eattle,2® and 


anes Fs She Se: Se 


Erythropoietie stimulatory activity has been demonstrated in 
plasma, serum, milk,** yellow bone marrow,” and urine’ * but not in other 
organs or tissues.'’ The most common experimental methods employed to stimu- 
late its production have been repeated bleedings, the administration of phenylhy- 


drazine, or simulated high altitude.” ** *° Cobalt 4? and anemia secondary to 
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total body x-irradiation® have also enhanced the donors’ plasma erythropoietic 
activity. Plasmas from the normal sheep fetus,*? normal pregnant rats,** and 
bled hypophysectomized rats**: *° have been shown to be active. 

In man erythropoietic stimulatory activity has been demonstrated in the 
plasma of patients with polyeythemia vera and secondary polycythemia” **; 
with anemias of varied etiology including pernicious anemia, acute and chronic 
hemorrhagic anemia, hereditary leptocytosis, sicklemia, leukemia, Hodgkin’s 
disease, and hypoplastie anemia'* 6, 87. after venous obstruction to a limb**; 
and in umbilical cord blood of the newborn.**: **: Although assays of normal 
animal and human plasmas have failed to yield definitely positive results, recent 
studies of concentrated human plasma** ** have shown that activity is present 
normally but in low concentration. 

Rabbits and rats have been the usual recipients in the assay for the factor 
hut dogs and guinea pigs,° monkeys,*' mice,* *’ and man** ** ** have also been 
employed. The observations made with a wide variety of sources and recipients 
of the factor indieate a lack of species specificity. 

The methods used to demonstrate erythropoietic activity have ineluded, 
in addition to the determination of the peripheral erythroid values, reticulocyte 
response, and bone marrow studies; iron®’ incorporation in hemoglobin of 
normal,*® hypophysectomized or starved,** 4! 4% #5) 47 
mustard-treated rats* 


irradiated,”* and nitrogen 
‘; circulating red cell mass in normal’® and hypophysee- 
tomized or newborn rats** **; and the uptake and disappeare uce of iron®® in the 
plasma, bone marrow, erythrocytes, liver, and spleen*' and the incorporation 
of radioactive phosphorus into DNA of bone marrow and spleen of normal 
rats.** Other specially conditioned recipients such as benzene-treated rats”® 
and rabbits rendered anemie by bleeding'* have also been used. The many 
means of demonstrating activity often make a critical comparison of varying 


results difficult and undoubtedly explain in large part the conflicting experi- 


mental findings previously discussed. 

Our studies indicate the existence of at least two plasma erythropoietic 
factors. One is heat stable, ether soluble, and most likely a lipid (the type 
assayed in the experiments reported nerein). As previously hypothesized, this 
factor appears to increase the rate of cellular division of already existent marrow 
erythrocytic precursors with resultant erythrocytosis due to the production 
of microcytes with shortened survival times.*® The heat-stable, ether-soluble 
factor does not accelerate iron®’ incorporation in hemoglobin and does not in- 
crease the total cireulating hemoglobin or red cell mass. The other factor, 
which is relatively thermolabile, ether insoluble, and probably protein in nature, 
augments iron incorporation and hemoglobin synthesis. This effect is demon- 
strable in unmodified ‘‘anemic’’ plasma and after boiling for 10 minutes but 
is absent in extracts boiled for 30 minutes or longer. 

The concept of there being more than one humoral factor capable of stim- 
ulating erythropoiesis is not a new one. In 1938, Tei® described in the plasma 
of bled and phenylhydrazine-treated rabbits an erythropoietic factor that resisted 
boiling, was ether, acetone, and alcohol soluble, and postulated that it was 
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probably a lipid. He reported another factor in the plasma of animals sub 
jected to reduced oxygen tension or fed garlie that was thermolabile, ether in 
soluble, and probably a globulin. More recently, Gley®® has also described two 
such factors in ‘‘anemic’’ serum. He believes one to be a trioxomoloalcoholic 
sterol and the other to have properties closer to the protein group. 

In view of the apparent differences in the nature and properties of these two 
factors, the experimental results would be expected to vary depending upon the 
method employed to demonstrate activity and the type of material studied. 
There remains for consideration the possibility of alterations in a single factor 
produced by slightly different methods of processing the plasmas and plasma 
extracts for testing. Such changes could conceivably result in a different type 
of erythropoietic stimulus. Our observations of identical responses in normal 
rats to ether extracts of whole ‘‘anemic’’ plasma, boiled and perchloric acid 
precipitated plasma fractions, and ether extracts of the latter indicate that 
boiling and treatment with perchlorie acid do not alter the activity. Studies 
now in progress concerning the presence of microcytes with abnormal osmotic 
behavior in polyeythemie patients similar to those in normal rats given boiled 
‘‘anemiec’’ plasma extracts offer additional evidence against the possibility of 
denaturation of a single factor by processing procedures. Therefore, the dif 
ferences in response between unmodified ‘‘anemic’’ plasma and extracts pre- 
pared by boiling for varying periods of time are, in our opinion, most likely 
due to the seleetive removal by boiling of the relatively thermolabile factor, and 
the apparent disparity in experimental findings deseribed above is the result 
of the presence of two plasma erythropoietic factors which differ in physieal, 
chemical, and physiologie characteristics. 

The precise roles of the plasma factors in normal and abnormal erythro- 
poiesis cannot as yet be defined. The demonstration of activity in concentrates 
of normal human plasma supports the concept that the humoral factors exert 
control over the maintenance of normal erythrocytic equilibrium. The en 
hanced plasma erythropoietic stimulatory activity in experimental situations 


and in patients with certain anemias and secondary polyeythemia is most likely 


the result of general or loeal tissue hypoxia. In polvyeythemia vera evidence 
suggests that the humoral factors are of pathogenetic importance.*® With 
further study of human ‘‘anemiec’’ plasmas it may be possible to classify some 
anemias on the basis of impaired production or defective utilization of the plasma 
factors. : Although the sites of production of the erythropoietic factors 
are not known, they are apparently not formed in hemopoietic or other radiation 
sensitive tissue.” °° Reeent studies by Jacobson and his associates’ ** have im 
plicated the kidney as a possible locus of formation. 

There remains a great deal to be learned concerning the mechanisms govern- 
ing erythropoiesis. Investigative approaches to the multiple aspects of the 
problem are now under way in many laboratories and much information should 
soon be forthcoming. 


SUMMARY 


1. The erythropoiesis stimulating factor in boiled ‘‘anemie’’ plasma ex 


tracts is ether soluble. 
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2. When given to the normal rat, this factor produces erythrecytosis due 


to microcytes, reticulocytosis, and myeloid erythrocytic hyperplasia. There 
are no associated increases in hemoglobin or hematocrit values. 

3. Ether extracts of whole unmodified ‘‘anemic’’ plasma evoke an identical 
response in the recipient. 

4. Current data indicate the existence of more than one plasma factor. 
One is heat stable, ether soluble, and most likely a lipid. It stimulates erythro- 
blastie division but not hemoglobin synthesis. Another is relatively thermo- 
labile, insoluble in ether, and probably protein in nature. It appears to aug- 
ment hemoglobin production. 

5. The conflicting experimental findings that have been reported by differ- 
ent investigators studying the humoral regulation of erythropoiesis are re- 
viewed. It is suggested that these apparent discrepancies are due to the pres- 
ence of two plasma erythropoietic factors which differ in nature and mode of 
action. 

REFERENCES 


1. Linman, J. W., and Bethell, F. H.: The Plasma Erythropoietic-Stimulating Factor in 
Man. Observations on Patients With Polycythemia Vera and Secondary Poly 
eythemia, J. Las. & CLIN. Mep. 49: 113-127, 1957. 

Linman, J. W., and Bethell, F. H.: The Plasma Erythropoietie Stimulating Factor. 
Observations on Circulating Erythrocytes and Bone Marrow of Rats Receiving Pro 
tein-Free Extracts of Rabbit Plasma, Blood 11: 310-323, 1956. 

Linman, J. W., and Bethell, F. H.: The Effect of Irradiation on the Plasma Erythropoietic 
Stimulating Factor, Blood 12: 123-129, 1957. 

arnot, P., and Deflandre, O.: Sur Vactivité hémopoiétique du sérum au cours de la 
régénération du sang, Comp. rend. Acad. se. 143: 384-386, 1906. 

. Gibelli, C.: Uber den wert des serums anaimisch gemachten Tiere bei der regeneration 
des blutes, Arch. exper. Path. u. Pharmakol. 65: 284-302, 1911. 

Miiller, P. Th.: tber die wirkung des blutserums aniimischer tiere, Arch. f. Hyg. 75: 
290-320, 1912. ; 
Férster, J.: Luftverdiinnung und blutregeneration durch ‘‘hiamopoietine,’’ Biochem. 

Ztschr. 145: 309-317, 1924. 

Tei, Y.: Production of Hematopoietic Substances in Serum, J. Chosen M. A. (Abstr. Sect. 
28: 71, 1938. 

9%. Gordon, A. 8., and Dubin, M.: On the Alleged Presence of “Hemopoietine” in the 
Blood Serum of Rabbits Either Rendered Anemiec o1 Subjected to Low Pressures, 
Am. J. Physiol. 107: 704-708, 1934. 

Feenders, H.: Uber die hiimatopoetiscke wirkung des blutserums bei sekundirer animie, 
Frankfurt. Ztschr. Path. 49: 411-417, 1936. 

Ersley, A. J.: Humoral Regulation of Red Cell Production, Blood 8: 349-357, 1953. 

jorsook, H., Graybiel, A., Keighley, G., and Windsor, E.: Polycythemic Response in 
Normal Adult Rats to a Nonprotein Plasma Extract From Anemie Rabbits, Blood 
9: 734-742, 1954. 

3. Gordon, A. 8S., Piliero, S. J., Kleinberg, W., and Freedman, H.: A Plasma Extract 
With Erythropoietiec Activity, Proc. Soe. Exper. Biol. & Med. 86: 255-258, 1954. 

. Toha, J., Eskucke, I., Abarea, F., Salvatore, F., and Hodgson, G.: Chemical Properties 

of a Plasma Factor Accelerating Hemoglobin Recovery in Bled Rabbits, Nature 

175: 167-168, 1955. ; 

5. Gordon, A. 8., Piliero, 8S. J., Tannenbaum, M., and Siegel, C. D.: Erythropoietic Action 
of a Plasma Filtrate in Hypophysectomized Rats, Proe. Soc. Exper. Biol. & Med. 
89: 246-248, 1955. 

j. Gordon, A. §., Piliero, 8. J., and Tannenbaum, M.: Erythropoietie Activity of Blood 
and Tissues of Anemie Rabbits, Am. J. Physiol. 181: 585-588, 1955. 

. Gordon, A. 8., Piliero, 8. J., Medici, P. T., Siegel, C. D., and Tannenbaum, M.: Attempts 
to Identify Site of Production of Circulating ‘‘ Erythropoietin,’’ Proc. Soe. Exper. 
Biol. & Med. 92: 598-602, 1956. 

Piliero, S. J., Medici, P. T., Pansky, B., Luhby, A. L., and Gordon, A. S.: Erythropoietic 
Stimulating Effects of Plasma Extracts From Anemic Human Subjects, Proe. Soe. 
Exper. Biol. & Med. 93: 302-305, 1956. 

. Jacobsen, E. M., Davis, A. K., and Alpen, E. L.: Relative Effectiveness of Phenylhydra- 
zine Treatment and Hemorrhage in the Production of an Erythropoietie Factor, 
Blood 11: 937-945, 1956. 





LINMAN, BETHELL, AND LONG J. Lab. & Clin — 


ar 


Keighley, G., Borsook, H., and Graybiel, A.: Production of Increased Circulating Hemo 
globin in Mice, Science 124: 439, 1956. 

Rambach, W. A., Cooper, J. A. D., and Alt, H. L.: The Nature and Mode of Action 
of Erythropoietic Factor in Anemie Plasma, J. Las. & CLIN. MED. 48: 933-934, 1956. 

Erslev, A. .I.: Physiologie Control of Red Cell Production, Blood 10: 954-961, 1955. 

Stohlman, F., Jr., and Brecher, G.: Stimulation of Erythropoiesis in Sublethally Irra 
diated Rats by a Plasma Factor, Proc. Soc. Exper. Biol. & Med. 91: 1-4, 1956. 

Bonsdorff, E.: Erythroeytosis—-Promoting Activity in Stagnant Blood and in Blood 
Subjected to Low Atmospheric Pressure in Vitro, Ann. med, exper. et. biol. Fenniae 
Si: j 77, 1953 Supp. ah. 

Hodgson, G., and Toha, J.: The Erythropoietic Effect of Urine and Plasma of Re 
peatedly Bled Rabbits, Blood 9: 299-309, 1954 

Déring, G. K., and Loeschcke, H. H.: Die thermostabilitait des oxydablen hiamopoietins 
aus menschlichen nabelschnurblut, Arch. ges. Physiol. 251: 220-224, 1949. 

Klingelhéffer, K. O.: ther die stabilitit des oxydablen haemopoietins dés nabelschuur 
blutes, Arch. ges. Physiol. 252: 278-280, 1950. 

Erslev, A. J., and Lavietes, P. H.: Observations on the Nature of the Erythropoietic 
Serum Factor, Blood 9: 1055-1061, 1954. 


. Sandler, O. E.: Some Experimental Studies on the Erythropoietic Effect of Yellow Bone 


Marrow Extracts and Batyl Alcohol, Acta med. scandinayv. (Supp. 225) 133: 1-72 
1949. 


. Gley, P., and Delor, J.: Sur quelques propriétés physicohimiques de 1l’hématopoiétine, 


Compt. rend. Soc. biol. 149: 635-637, 1955. 

Erslev, A. J., Lavietes, P. H., and van Wagenen, G.: Erythropoietic Stimulation Induced 
by ‘*Anemic’’ Serum, Proce. Soe. Exper. Biol. & Med. 83: 548-550, 1953. 

sonsdorff, E.: On the Presence of Erythropoietins in the Plasma From Sheep Foetuses 
During the Latter Half of Gestation, Acta physiol. seandinav. 18: 51-62, 1949. 


3. Oliva, G., Chiuni, F., and Tramontana, C.: On the Humoral Regulation of the Nor 


moerythropoiesis, Acta med. scandinav. 133: 27-30, 1949. 

MeCombs, iw Contopoulos, Ss * Lawrence, J. H., and Simpson, M. E.: Erythro 
poietic Activity in the Plasma of Patients With Polyeythemia, Clin. Res. Proe. 
5: 156, 1957. 

Klingelhéffer, K. O.: ber die wirkung des sauerstoffs auf des hiimopoietin des nabel 
schnurblutes, Arch. ges. Physiol. 250: 465-473, 1948. 

Bethell, F. H., Linman, J. W., and Korst, D. R.: Erythropoietie Activity of ‘‘ Anemic’’ 
and ‘*Polyeythemic’’ Plasmas, Tr. A. Am. Physicians. (In press. 


. Gurney, C. W., Goldwasser, E., Jacobson, L. O., and Pan, C.: Demonstration of Eryth 


ropoietin in Human Plasma, J. Clin. Invest. 36: 896, 1957. 

Grant, W. C.: The Influence of Anoxia of Lactating Rats and Mice on Blood of 
Their Normal Offspring, Blood 10: 334-340, 1955. 

Reissmann, K. R.: Studies on the Mechanisms of Erythropoietie Stimulation in Para 
biotic Rats During Hypoxia, Blood 5: 372-380, 1950. 

Bonsdorff, E., and Jalavisto, E.: A Humoral Mechanism in Anoxie Erythrocytosis, Acta 
physiol. seandinav. 16: 150-170, 1948. ; 

Jacobson, L. O., Goldwasser, E., Fried, W., and Plzak, L.: Roie of Kidney in Ervth 
ropoiesis, Nature 179: 633-634, 1957. , 
Jacobson, L. O., Goldwasser, E., Fried, W., and Plzak, L.: The Role of the Kidney 

in the Control of Erythropoiesis, Tr. A. Am. Physicians. (In press. , 
Contopoulos, A. N., Van Dyke, D. C., and Simpson, M. E.: Inereased Erythropoietic 
Stimulant in Plasma of Pregnant Rats, Proc. Soc. Exper. Biol. & Med. 93: 424 
128, 1956. 
Crafts, R. C., and Meinke, H. A.: Presence of Erythropoietic Factor in Plasma of 
Normal and Hypophysectomized Rats Following Bleeding, Proc. Soe. Exper. Biol. 
& Med. 92: 222-224, 1956. 


>. Jacobson, L. O., Plzak, L.. Fried, W., and Goldwasser, E.: Plasma Factor(s Influencing 


ol. 


Red Cell Production, Nature 177: 1240, 1956. 

Pizak, L. F., Fried, W., Jacobson, L. O., and Bethard, W. F.: Demonstration of Stim 
ulation of Erythropoiesis by Plasma From Anemic Rats Using Fe59, J. Las. & CLIN. 
Mep. 46: 671-678, 1955. 

Fried, W., Plzak, L., Jacobson, L. O., and Goldwasser, E.: Erythropoiesis. II. Assay 
of Erythropoietin in Hypophyseetomized Rats, Proe. Soc. Exper. tiol. & Med. 
92: 203-207, 1956. 

Rambach, W. A.., Cooper, J. A. D.. and AK. H. L.: Mode of Action of a Heat Stable 
Plasma Erythropoietic Factor, Abstract, Sixth Congress International Societv of 
Hematology, Program, 462-463, 1956. : 

Linman, J. W., and Long, M. J.: Erythrocyte Osmotic Fragility of Rats Receiving the 
Thermostable Plasma Erythropoietie Factor, Blood. (In press. = 

Gley, P.: Double Aspect of the Hematopoietic Hormone of Serum, Abstract, Sixth Congress 
International Society of Hematology, Program, 471, 1956. 


Erslev, A. J.; Erythropoietic Function in Uremic Rabbits, Clin. Res. Proc. 5: 141, 1957. 








BILE AND VITAMIN B,,. ABSORPTION 


Kunio Oxupa, M.D.,* RaLtepu Grasspeck, M.D.,** anp Bacon F. Cuow, Px.D. 
BALTIMORE, Mp. 


HE daily intake of vitamin B,. from ordinary dietary sources by an adult 

man has been estimated to be on the order of a few micrograms, of which 
1 or 2 meg. might be absorbed. The amount of microbial activity of vitamin B;. 
excreted in the urine accounts for only a few millimierograms of this vitamin. 
The diserepaney between the amounts of absorbed and excreted vitamin B,. may 
be due to alterations of the moleeules into a microbiologically inactive form, or 
accumulation by the tissues, or exeretion by yet another route, not recognized. 
Available data provide no evidence to support the first hypothesis, and it seems 
unlikely that the body would continue to retain the absorbed vitamin B,.. Such 
accumulation could lead to the retention of many milligrams of B,. in the body, 
over the period of deeades. This is not known to be the ease. It is, therefore, of 
interest to explore the third possibility of some other route of exeretion to 
account for paradoxical vitamin B,». imbalance. 

One of the important functions of liver is excretory in a manner similar to 
the kidney. <A variety of chemical substances ineluding micronutrients are 
excreted into the bile. In man, the total volume of bile exereted daily has been 
estimated to be between 500 and 1,300 ml. per day. If absorbed vitamin B,. 
were eliminated through bile, it would appear in feces. Such phenomenon, if 
it exists, ean explain the anomaly in the difference in excretion. Experiments 
were conducted to ascertain whether bile plays a role in the absorption of 
vitamin B,.. The study now reported in this communication deals with exere- 
tion of subeutaneously administered radioactive vitamin B,, in feces probably 
by way of hepatie bile, and some of the characteristies of B,. birding substances 
in bile. 

MATERIALS AND METHODS 

Experimental Materials. 

Vitamin B,,: Co®°-labeled vitamin B,, with a specific activity of approximately 1 ye per 
microgram was employed throughout the study. 

Bile: Unless otherwise stated, bile of swine origin was used. It was obtained by 
pooling the content of 20 gall bladders of pigs shortly after slaughter. Human gall bladder 
bile was harvested from operatively removed gall bladders of patients with bile duct stone. 
The source of human hepatic bile was from a patient with bile duct drainage. In preliminary 


. 


studies desiccated ox bile (processed by Parke, Davis and Co.) was dissolved in distilled 


water and reconstituted to the original volume of bile. 
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Vethod 
Th rcasurement of radioactivity in feces and in urine: Adult rats of the MeCoilum 


strain raised in our own colony were used in the experiments to he reported. Some rats were 


” 


offered a ration of the basal vitamin-free casein diet to which thyroid powder was added 

Gm. of thyroid powder per kilogram of diet). They were also employed to study the effect 
yf thyroid on B,, exeretions. 

the measurement of excretion of radioactivity in urine and feces, the animals were 

d in individual metabolism cages. One or two doses of radioactive vitamin B 20 oF 

10 mmeg. per dose) were given subcutaneously to the rats. The feces and urine specimens 

were collected separately, over designated periods (in days). Feces were softened first with 

overnight and finally homogenized with concentrated sulfuric acid. Urine and 

eage wash were evaporated on a steam bath. Both fecal and urinary samples were then 

brought é . and their radioactivity was measured in a well-type scintillation counter. 


Under the conditions of our studies 1.0 mmeg. of radioactive vitamin B,, yielded 120 ¢.p.m. 


above the background count. 

Choledochectomy: Laparotomy was performed under ether anesthesia, the common 
bile duct was ligated at two points a little apart, and was severed between the knots in order 
to secure the complete disconnection of the bile duct from the intestine. The control animals 
were sham-operated under similar conditions. 

The technique of starch electrophoresis! and the method of determination of B,, binding 

by dialysis or by microbial adsorption have been described elsewhere. The molecular 

complex was estimated by the procedure of Northrop and associates 

nation of vitamin B,. activity in bile: rhe presence of inhibitory substance in 

bile makes it essential to predigest the specimen with an enzyme. The following procedure 
was found to yield quantitative results. Two milliliters of bile were diluted with an equal 
volume of distilled water. To this solution was added 1 ml. of 0.5 per cent crude papain 
solution, and the mixture was incubated for ‘ 40 hours at 37° C. under toluene. The 
digestion mixture was then acidified with HCl to pH 1.5 to 1.8 and bile pigment was 
removed by centrifugation. The supernatant fluid was neutralized and diluted to the 
suitable range for microbial assay by the titrimetric procedure with Skegg’s medium.4 The 


recovery added radioactive B,, was 90 to 93 per cent after 40 hours of digestion, but only 


75 per cent after 20 hours of digestion. 


The above procedure will not be satisfactory for the determination of B,, unless the 


bile pigment is essentially complete. In some instances, particularly for re 


it in hepatie bile, the following additional step was undertaken. Three 


cent aqueous solution of purified human albumin free of vitamin B 


a neubated at 37° C. for an hour, heated at 100° C, for 10 


ADMINISTERED RADIOACTIVE VITAMIN B,, BY Rat 


tLADLOACTIVITY RECOVERED 
CALCULATED AS By, TOTAL EXCRETION IN 
IN URINE IN FECES URINE AND FECES 

N JECTION mmeg. (% mmeg. (% mmeg. (% 
0-6 3.2§ 8.12 i. i. 9.86 24.6 


l 


1.28 
O85 
1.24 
6.60 7 5.3$ ) 21.98 (55.0) 


they received mmecg. ‘ 2 j subcutaneous injections (20 


*Significant at 0.01 level. 


Fed 0.2 per cent desiccated thyroid in ration. 
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minutes at pH 4.6, and the supernatant fluid relatively free of pigment was obtained for assay. 
lhe alkali stability of vitamin B,, was measured by the proceedure of Hoffmann and 
associates, 


RESULTS 


Comparison of the Urinary and the Fecal Excretion.—In the first experi- 
ment, two daily doses of 20 mmeg. of radioactive B,. were given in two successive 
days to 11 young adult male rats. Six of them were offered 0.2 per cent desie- 
cated thyroid supplemented ration on the first day of tracer dose administration, 
while the remaining ones were maintained on the basal diet. Data in Table I 
demonstrate that radioactivity excreted in the urine of control rats during the 
30 days was only 5.86 mmeg. or 14.6 per cent of the test dose, most of which 
appeared in the urine at the very beginning. In contrast, the fecal excretion 
during the same period was 14.58 mmeg. or 36.5 per cent, or was more than 
twice that excreted in the urine. The total radioactivity in both exereta ae- 
counted for one-half of the original dose of radioactive B,. administered; the 
remaining portion was undoubtedly retained in the careass. In the ease of 

C} wiser cretion —— 


oe ae Fecal excretion Average daily fecal 


excretion 


Average of 5 hyperthyroid rats 
Average of 5 normal rats (B. Weight 235 grams) 
B. Weight 355 grams) 


« 









































0-2 u-6 6-14 0-2 2-4 6-14 
Days after injection 


Excretion of parenterally administered radioactive vitamin Bu (Following a single 
subcutaneous injection of 40 mmeg. of Bu.) 

thyroid-fed animals, the amount of B,, excreted both in urine and feces was 
almost the same as the controls up to 6 days, after which the excretion was 
inereased, so that the feeal exeretion between 21 and 30 days was significantly 
higher in the thyroid-treaied group than the control (p< 0.01). The total 
excretion in this group in 30 days was 22 mmeg. or 55 per cent of the adminis- 
tered dose. Since the washings of the cage bottom are not completely free of 
pulverized feces fragments, the urinary excretion should have been even less 
than these figures. 

In the second study, two groups of 10 male albino rats each were used. 


Five of them had been fed 0.2 per cent desiccated thyroid for 3 weeks prior to the 
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test, while the remaining 5 received only the basal diet. All animals were in- 
jected subcutaneously with 40 mmeg. radioactive Bx in one dose. Bar gram 
(Fig. 1) shows not only the presence of a large amount of radioactivity in feces, 
but the feeal exeretion in the hyperthyroid animals was almost double that in 
the controls during the first week. The exeretion curve drawn by connecting 
mean vaiues of the daily exeretion demonstrates that the urinary exeretion took 
place shortly after the parenteral administration of radioactive B,., whereas 
feeal exeretion reached its peak several days later. 

The diserepan«y of the results of the feeal excretion of the thyroid-treated 
animals in the first and second experiments was probably due to the delayed 
effect of thyroid. The animals in the second experiment were presumably 
hyperthyrodie at the time of test while those in the first experiment were likely 
not so. 

Excretion of HKadioactive By. in Choledochectomized Rats.—Kight male 
adult rats were operated on aecording to the procedure deseribed. The bile 
duets of 4 rats were ligated and severed. Since the peak of the fecal excretion 
following a parenteral dose of B,. was found to oceur several days after oral 
feeding, 20 mmeg. of radioactive B,. was administered +wice on the fourth and 
fifth days prior to the operation. The urine and fecal specimens were collected 
two days prior to the operation, i.e., 3 days after the first dose. The results 
as shown in Table II demonstrate that the decrease in the feeal exeretion was 
statistically significant, being 4.83 + 0.18 mmeg. in 13 days for the thyroid-fed 
and 5.96 + 0.41 mmeg. of the control groups. Jaundice and acholie feces were 
noted in experimental rats several days following the operation. Necropsy 
performed on the 26th day of operation revealed a large eystie choledocheetasia 
inside the liver. 


TaBLE II. ExXcreTION OF RADIOACTIVE VITAMIN B,, IN Rats WitH LIGATED BILE Duct 
| 


6-13 | 13-DAY 


AVERAGE | PRIOR TO 0-3 DAYS | 3-6 DAYS 
BODY OPERATION AFTER AFTER 
WEIGHT FECES OPERATION OPERATION DAYS TOTAI 
GROUP (GM.) (mmeg. FECES | URINE | FECES | URINE | FECES FECES 
Control 4 386 0.99 1.56 0.45 2.05 0.49 2.38 5.96 + 0.41 
Operated* 4 398 0.88 1.14 0.56 1.61 0.56 2.08 4.83 + 0.18 


2 DAYS 
| 


Figures represent amounts of recovered Co as calculated in mmeg. of radioactive Bi 
Twenty mmeg. radioactive Bi was given twice, 5 days and 4 days prior to operation. 
*Bile duct was ligated and severed 


TABLE IIT, Excretion or A SINGLE PARENTERAL Dose or RADIOACTIVE VITAMIN B,, IN Rats 
AVERAGE 
BODY ’ 
NO. OF | WEIGHT 0-2 DAYS | 2-4 DAYS _ 4-6 DAYS 6-DAY TOTAL 
GROUP RATS | (GM. ) URINE | FECES | URINE f FECES | URINE | FECES | URINE FECES 
Control 2 330 0.93 0.75 0.17 1.17 0.08 1.91 1.18 3.83 + 
0.44 
Operated* ‘ 356 0.98 0.28 0.20 0.42 0.19 0.62 147 1.32% 
0.31 
Figures represent amounts of recovered Co as calculated in mmeg. of radioactive Bu 
Radioactive Bw, 20 mmeg. as a single dose, was injected subcutaneously immediately 
after operation. 


*Bile duct was ligated and severed. 
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In another experiment, a single dose of 20 mmeg. radioactive B,. was 
injected immediately after, instead of before, operation, and the specimens were 
collected in the similar manner. As shown in Table III, the fecal excretion 
rate was markedly reduced in the choledocheetomized animals in the first 6 
days, 1.32 + 0.31 mmeg. against 3.83 + 0.44 mmeg. of the control. 

The two experiments were different with respect to the time of radioactive 
B,. administration, relative to the operation. It was noted that cessation of bil- 
iary secretion into the intestine resulted in a marked decrease of feeal excretion 
in the period shortly after the operation; later in the postoperative stage, 
however, the feeal exeretion rate was not greatly affected by the absence of 
biliary secretion. It would, therefore, be presumed that the intestinal wall 
itself exeretes a considerable portion of the normal exereta, probably in a later 
stage following parenteral administration of B,.; the bile, on the other hand, 
exeretes B,. shortly after the parenteral dose. 

Flushing Effect of Large Doses of Unlabeled Vitamin B,. on the Fecal 
Excretion of Radioactive B,.—Since the foregoing experiments demonstrated 
definitely that a large amount of parenterally administered radioactive B,. is 
excreted in the feces, part of which is probably secreted from the intestinal 
wall, it is of interest to study whether or not the oral and parenteral adminis- 
tration of large amounts of unlabeled B,. can influence the exeretion of the 
parenterally administered radioactive Bj». 


TaBLe IV. FrusHine Dose anp Fecat Excretion or INJECTED RADIOACTIVE B,, IN RATS 


AVERAGE 
BODY 
WEIGHT | 0-2 DAYS 2-7 DAYS 7-DAY TOTAL 
STUDY GROUP (GM.) 
I 


(mmeg. (mmeg. ) (mmeg. ) 


A Control q 234 oa FS 4.59 + 0.46 
B Oral-flush* 3 205 23 4.9% 6.15 + 0.75 
Cc Parenteral- : 221 5 , 4.63 + 0.67 


flush+ 


AVERAGE 
NO. OF BODY 
STUDY GROUP RATS WEIGHT 5 5-12 DAYS 12-DAY TOTAL 
LI 
Control 3 214 3.52 3.45 7.00 + 0.52 
B Oral-flush* 3 236 4.28 3.32 7.60 + 0.61 





Single dose of 40 mmeg. radioactive Bw was injected subcutaneously. 

*Five hundred micrograms of unlabeled Be was added to 1 Keg. 

+*Two micrograms of unlabeled Bw was injected every 
6 hours after the tracer dose. 


ration. 
day, the first injection being given 


In the first experiment (Table IV, I) 9 rats were divided into 3 groups; the 
control (A), the oral-flush group (B) receiving crystalline B,. added to the 
ration at the level of 500 meg. per Kg., and the parenteral-flush group (C) 
receiving 2 meg. B,. daily by injection. The feeal excretion in 7 days follow- 
ing a single injection of 40 meg. radioactive B,. was 4.59 + 0.46, 6.15 + 0.75, and 
4.67 + 0.67 mmeg. for groups A, B, and C, respectively. The difference be- 
tween the control and groups B or C was not statistically significant. 
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In a separate experiment (Table IV, IL), only groups B and A were com- 
pared; the feeal collection was continued for 12 days, however. Even then the 
difference between these two groups was not statisticaly significant. 

These data indicate that the feeal or intestinal excretion of radioactive B,. 
is not significantly affected by either oral or parenteral flushing. The postulated 
intestinal exeretion of vitamin B,»., therefore, is not simply a matter of exchange 
of this vitamin between the intestinal mucosa and the intestinal content. Neither 
does this pattern of exeretion seem to be inhibited by the presence of a large 
quantity of B,. in the intestinal lumen which is expected to be absorbed by 
passing through mucosa. 

Vitamin B,. Activity in Bile.—Bile specimens of swine and human origins 
were assayed for microbiological activity of vitamin B,. before and after 
digestion with papain. To another aliquot of biological specimens was added 
radioactive vitamin B,, to contain 10 mmeg. of B,. per ml. of bile solution. 
Microbiological activity, and, in the ease of radioactivity-containing bile, radio- 
activity were measured. The following points are of interest. In the first 
place, only 0.8 of mmeg. of B,, activity was found in the undigested bile. The 
activity in the swine bile solution was increased from 4.5 to 8.8 meg., thus 
indieating the liberation of B,. activity due to digestion. To test that the 
increase in By,» activity after incubation is related to papain digestion, a portion 
of the bile-papain mixture was heated at 70° C. to destroy the enzyme which 
cleaves the union between B,. and the binding substance. The B,. activity 


in the preheated samples was not increased on incubation. Determination of 


radioactivity in the various aliquots shows that B,. ean be liberated and quan- 
; | 2 | 


titatively recovered upon digestion for 40 hours, but only partially after 20 
hours. It is also interesting to note that papain digestion did not increase B 
in the bile of human gall bladder, presumably due to a much smaller portion 
ot the binding substance. 

DISCUSSION 


The daily intake of vitamin B,. from ordinary dietary sources by an adult 
man is many times larger than that excreted in the urine. Data presented in 
this communication suggest that another route of exeretion must be recognized 
and support the concept that vitamin B,. may be bound to chemical substances 
in bile and finally exereted in the feces. Suggestive of this possibility is the 
appearance of injected radioactive vitamin B,. in feces, in amounts several times 
larger than that present in the urine. 

It is interesting to note that the bile fluid has a great capacity to bind By». 
This binding substance is apparently chemically distinet from that in intrinsic 
factor preparations. The union of vitamin B,. with the latter ean be dissociated 
upon heating at 100° C., whereas, the B,.-bile complex is stable at this tempera- 
ture. The binding substance in bile is relatively free from protein and has a 
large molecular weight and contains a large percentage of glucosamine. 

Our data thus throw additional light on the mechanism of the absorption 
of vitamin 6,., and are pertinent to interpretation in the measurement of 
absorption of orally fed vitamin B,. by the feeal exeretion method of Heinie and 
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The latter procedure has been found to yield excellent results. 


associates.’ 
is obvious from this study that fecal radioactivity does not represent exclusively 


as is now commonly assumed. 


the unabsorbed B 
SUMMARY 


rats results in the of 


The injection of a small but physiologic dose of radioactive vitamin B 
to normal, thyroid-fed, or laparotomized appearance 
radioactive vitamin B,. in feces. It is postulated that the absorbed B,. is 
hound to bile and excreted in the feces. In addition, the intestinal wall itself 
must play an important role in the excretion of vitamin B,. 
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IRON ABSORPTLON 
I. Facrors INFLUENCING ABSORPTION 


T. H. BorHwe.y, M.D.,* G. Prrzio-Brroui, M.D., aNnp C. A. Fincu, M.D. 
SEATTLE, WASH. 


WitH THE TECHNICAL ASSISTANCE OF B. LODEN AND A. MELLY 


HEN the iron content of the body is altered by some cause, such as blood 

loss, balanee is re-established mainly by changes in the amount of iron 
absorbed from the gut.t Because of its capacity to respond to the needs of the 
body, the gastrointestinal mucosa has been regarded as the chief regulator of 
iron balanece.2 The mechanisms by which this control is exerted are, however, 
still in doubt. One problem has been the technical difficulty in accurately 
measuring iron absorption. Recently, precise methods employing radioiron 
have been developed, but only limited observations have been made concerning 
the influence of anemia, anoxia, plasma iron level, iron stores, and altered 
erythropoiesis on iron absorption. 

The present paper reports the results of studies involving several aspects 
of iron absorption. Experiments in animals were carried out in a variety of 
situations and the hypotheses which emerged were tested in man. The investiga- 
tion was broadened to include observations on absorption of iron salts by normal 
subjects, by individuals after acute blood loss, and by patients with iron de- 
ficiency anemia. Information was obtained on the relative importance of cer 
tain internal factors in the regulation of iron absorption and, in addition, a ra 
tional approach to the problem of iron therapy was developed. 


MATERIALS AND METHODS 


Sprague Dawley rats weighing 250 to 350 grams, New Zealand white rabbits weigh 
ing 2.5 to 3.5 kilograms, and a strain of adult field mice with hereditary spherocytosis 
were employed in various studies. In each experiment control animals of the same sex, 
age, weight, and dietary background were employed. The purpose was to indicate whether 
a specific factor altered absorption in these animals as compared to control animals. 
Variations, particularly in the amount of iron administered, made it impractical to inter 
relate individual studies. 

Radioiron was administered directly by gastric intubation, Rats were rendered 
anemic by removing 5 ml. of blood at 5 and 3 days prior to study, or by the parenteral 


administration of an ethanolic solution of phenylhydrazine (30 mg./Kg.). Hemolytic 


anemia was also induced by the prior injection of methyl cellulose intraperitoneally twice 


From the Department of Medicine, School of Medicine, University of Washington, Seattle, 
Wash 

This investigation was supported by a research grant from the United States Atomic 
Energy Commission (Contract AT-[45-1]-218); and a _ grant-in-aid from Smith, Kline & 
French Laboratories, Philadelphia, Pa. 

teceived for publication May 6, 1957 

*In receipt of Lederle Traveling Fellowship for South Africa. Present address: Depart- 
ment of Medicine, University of Witwatersrand Medical School, Hospital Street, Johannesburg, 
South Africa. 


24 








Volume 51 IRON ABSORPTION, 25 


weekly as described elsewhere.4 Excess body iron stores were produced in rats, rabbits, 
and mice by the intramuscular injection of iron-dextran (Imferon*), Exchange trans- 
fusion was performed in rats by the insertion of plastic cannulae into the femoral artery 
and vein with the simultaneous removal of circulating blood and the injection of blood 
previously obtained from donor animals.5 


Normal human subjects studied had plasma iron concentrations between 80 and 160 
ug/100 ml. plasma and hematocrits between 42 and 48 per cent. In patients the criteria 
of iron deficiency were plasma iron levels below 50 ug, the absence of marrow hemosiderin, 
and a response to iron therapy. 

Absorption studies were performed on normal volunteer subjects, fasting or after 
meals, as specified under results in individual experiments. Phlebotomy was also employed 
in normal subjects to enhance iron absorption. Unless otherwise specified, such subjects 
were bled 400 ml. on the ninth and seventh days before the absorption study was per 
formed, 

Absolute iron absorption was measured by the double isotope method deseribed by 
Saylor and Finch.6 In this technique a weighed amount of Fe5® either as iron citrate or 
as iron bound to fresh plasmat was injected intravenously and at the same time a solution 
of iron (Fe55) was given orally. Standards were then made from both solutions given. 
Fourteen days after administration of the two isotopes, a blood sample was collected and 
wet-ashed with sulfuric and perchloric acids. Samples were precipitated with the addi 
tion of carrier iron to a total of 10 mg. and electroplated as described previously.7 Count- 
ing for Fe55 was done with an argon-filled geiger tube having a beryllium filter, whereas 
Fe5* was determined with a helium-filled tube. The cross-counting for which appropriate 


correction was made was less than 4 per cent in either direction. Calculation of results: 


Percentage absorbed vl (x) x 100 
(x] 


V 


When yl activity of Fe55 in blood sample (¢.p.m. 


y activity of Fe55 given by mouth (¢.p.m. 


xl activity of Fe5* in blood sample (¢.p.m. 


x activity of Fe5® injected intravenously (¢.p.m.) 


In several studies iron absorption was computed by measuring stool radioiron con- 
tent. To determine stool activity, a 10-day stool collection was transferred from waxed 
eartons to a large weighed beaker. The bulked specimen was then covered with concen 
trated sulfurie acid for 10 to 14 days with oecasinal stirring and addition of acid to 
a total of about 5,000 ml. Gentle heating was applied when necessary to produce a 
homogenous mixture. Teu gram aliquots were electroplated in the usual manner prior to 
counting.? Since the validity of methods such as these must ultimately rest on direct 
comparisons, results of absorption by the stool and double isotope methods in 4 normal 


subjects are summarized in Table I. 


TABLE I, COMPARISON OF STOOL RECOVERY AND DoUuBLE ISOTOPE METHODS FOR MEASURING 
IRON ABSORPTION IN 4 HUMAN SUBJECTS 


STOOL METHOD DOUBLE ISOTOPE METHOD 
(PER CENT ABSORPTION (PER CENT ABSORPTION ) 


*Obtained through the courtesy of the Benger Company, England, and Lakeside Labo- 
ratories, Milwaukee, Wis 

tit is essential that there be either adequate capacity of the recipient's plasma to bind 
the injected iron citrate, or that iron be bound to a plasma with adequate binding capacity 
before its injection. 
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In certain studies on human volunteers the major interest was centered not so much 
on the absolute amount of iron absorbed as on the relative amounts absorbed under two 
different sets of conditions, One isotope of iron in one form was given by mouth on the 
first morning, while the second was given by the same route on the following morning. 
The order of administration of the two test doses was alternated in different subjects. 
\nalysis of aetivity in the blood drawn two to three weeks later permitted a comparison of 
absorption between the two test doses in the same subject. In order to estimate the 
absolute absorption, the per cent of red cell utilization of absorbed iron must be pre 
dietable. This was assumed to be 90 per cent in normal and iron deficient subjects and 
the blood volume was estimated at 68 ml./Kg. Estimated per cent absorption then equaled: 

activity per ml. blood x blood volume (ml.) x 100 
Ou 
total radioactivity administered 

he actual amount of radioactivity given varied in different studies depending upon 
the anticipated absorption and on the total amount of administered elemental iron. In 
man, the amount of Fe varied between 50 and 100 we when carrier iron of between 100 
and 500 mg. was added. Tron5%, in doses of approximately 1 we, was given intravenously 
as ferrous citrate or was bound in vitro to the normal plasma when the patient’s plasma 
iron binding capacity was inadequate.’ The specific activity of the two isotopes used 
varied between 1 and 3 we/ug. With the double isotope method of measuring absorption, 
the dosage of each isotope was designed to provide nearly equal counts in the circulating 
blood, 

Plasma iron was estimated by the method of Bothwell and Mallet,® and of Kitzes, 
Elvehjem, and Schuette.! Bone marrow iron was estimated from sternal aspiration as 


lescribed by Rath and Finch.11 Hemoglobin was determined as oxyhemoglobin in an 


Evelyn colorimeter and hematocrits were spun at 1,800 g for 30 minutes. Reticulocytes 


were stained with cresyl blue and the number in 1,000 erythroecvtes counted. 


RESULTS 

A. Internal Factors Regulating Iron Absorption—The object of these 
studies was to delineate the effect of alterations within the body on iron ab- 
sorption. In order to minimize the possible interference which local gut faetors 
might have on such absorption, initial studies were done with animals and ex- 
perimental subjects in a fasting state. Iron was given as a freshly prepared solu- 
tion of ferrous sulfate. The usual dosage of iron was standardized at 0.25 
mg./Ke. of elemental iron in experimental animals. Data obtained may be sum- 
marized under four headings. 

1. Effect of the rate of erythropoiesis on iron absorption: Increased eryth- 
ropoiesis was produced in several different ways. One injection of phenyl- 
hydrazine was given to rats and absorption was measured one week later when 
the reticulocyte count was high and the hematocrit was rising rapidly. In rab- 
hits, multiple injections were given and absorption was measured at variable 
times thereafter. Methyl cellulose injected rats which had increased red cell 
production and destruction, but little anemia, and mice with increased erythro- 
poiesis due to hereditary spherocytosis were also studied. These results are 


summarized in Table II and consistently indicated an inerease in iron absorp- 


tion in animals with inereased erythropoiesis as compared to normal animals of 
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the same species given the same dose of iron. Additional studies in rabbits 
given multiple injections of phenylhydrazine, while again indicating increased 
absorption with increased erythropoiesis, showed no correlation between a rising 


or falling hematocrit or with the level of plasma iron. 
TABLE Il. Errecrs or INCREASED ERYTHROPOIESIS ON IRON ABSORPTION 


ABSORPTION 
NUMBER OF DOSAGE OF IRON *~ 8.D. 
DIAGNOSIS ANIMALS BG 

Phenylhydrazine 1 rats ‘ 50 

Controls } 50 

Phenylhydrazine in rabbits 1,000 

Controls 1,000 

** Methyl Cellulose’’ in rats } 100 

Controls 100 

Congenital spherocytosis in mice 

Controls 
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Fig. 1 Effects of phlebotomy on iron absorption in 2 human subjects as measured by 
stool recoveries and by circulating radioactivity in the blood. During the control period there 


is almost complete recovery of orally administered Fe® in stool and little radioactivity in 
circulation. After phlebotomy both measurements indicate an increased absorption of iron 


In an attempt to elarify further the time relationship between increased 
absorption and erythropoiesis, studies were carried out in experimental subjects 
before and after phlebotomy. As shown by stool measurements as well as by 
blood activities in two subjects, increased absorption occurred within 5 days of 
phlebotomy (Fig. 1). Absorption was also measured in normal fasting subjects 
given 25 mg. of iron (Fe®® sulfate) and phlebotomized 8 ml./Kg. on the fol- 
lowing day. Repeat absorptions were then done with Fe®® under identical con- 
ditions through the following week and the pre- and postphlebotomy ratio was 
determined (Table III). In the first four days values were variable, but there- 
after absorption showed a moderate but consistent increase. 
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The effeet of decreased erythropoiesis was also studied. To retard red cell 
production, rats were made polyeythemie by exchange transfusion with packed 
erythrocytes. The hemoglobin level after exchange in these animals was above 
20 Gm. per cent. As a control, another group of rats was submitted to the same 
procedure except that they were exchanged-transfused with normal whole blood. 
Reticulocyte counts were depressed in the polyeythemie animals, although the 
time lag in marrow response made this less conspicuous at two days. Absorp- 
tion studies (Table IV) showed a reduction in iron absorption by polyeythemic 


animals as compared to controls. 


TABLE III. THE ABSORPTION OF A Dose or 25 McG. ELEMENTAL IRON BEFORE AND AFTER 
PHLEBOTOMY OF 8 ML. PER KILOGRAM IN 12 HUMAN VOLUNTEERS 
BASAI | | SECOND | 
PLASMA ABSORPTION | DAYS AFTER PLASMA ABSORPTION | 
SUBJECT IRON (PER CENT) | PHLEBOTOMY IRON (PER CENT 

113 2. 2 140 8.2 
2 135 2. 2 11.4 
3 81 9.¢ 3 : 14.6 
111 3.6 3 92 21.7 
142 : j 5.6 
6 123 A 96 7.1 
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TABLE TV. Errect or DECREASED ERYTHROPOIESIS ON IRON ABSORPTION IN RATS 


| DAYS FOLLOW- | | RETICULOCYTE | 


ING DOSAGE HEMOGLOBIN COUNT ABSORPTION 

ANIMALS TRANSFUSION ( pG (GM, ) (PER CENT (PER CENT 
Control y 20 14. &S 19.4 

115A 

Polveythemie , 20 20.2 

sit 20.6 


- 


Control ‘ 100 19, 
16. 
17. 
16. 
16. 
Polyeythemie é 21. 
19. 
19. 


1. 
1. 


Im~nwN 


0. 
1. 
O.: 
0, 
0.3 


s+>S> Ss 


2. Effect of change in body iron stores on absorption of iron: Tron de- 
ficieney in rats was produced by feeding a low-iron diet from the time of wean- 
ing, and excessive iron stores were created by the injection of 100 mg. of iron 3 
months before the study. Absorption in these animals was compared to that in 
normal animals (Fig. 2). In the group of 6 animals with excessive iron, ab- 
sorption was decreased to 3.9 + 0.9 per cent as compared to the normal group of 
animals with 20 + 7 per cent absorption. The 4 iron deficient animals showed 
an inerease to 47 + 13 per cent. A comparable increase in absorption of iron 
deficient patients as compared to that in normal subjects is shown later. 
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3. Combined effect of iron stores and erythropoiesis on absorption: The 
studies previously described indicated that increased erythropoiesis was associ- 
ated with increased absorption of iron and decreased erythropoiesis with de- 
creased absorption. The interplay of two opposing factors was illustrated by 
the following experiment. The erythroid marrow was activated by bleeding two 
groups of animals, one having previously had normal iron stores and the other 
having been loaded with 100 mg. of iron by parenteral injection one month pre- 
viously. As compared to the normal absorption of 20 per cent, 5 phlebotomized 
animals with hematocrits of 40 + 2 per cent absorbed 40 + 17 per cent. The 
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Effects of changes in body stores on iron absorption in rats 


NORMAL INCREASED ERYTHROPOIESIS 
CONTROLS AFTER BLEEDING 
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Fig. 3—The combined effects of increased erythropoiesis and increased stores on iron 
absorption in rats. As compared with the group of normal animals, increased erythropoiesis 
increased iron absorption However, the composite effect of a similar increase of erythropoie- 
sis in animals with excess body iron was a normal absorption 
absorption by the 6 animals who were both iron loaded and phlebotomized was 
within the normal range (15 + 9 per cent) (Fig. 3). Thus, with one factor 
tending to increase iron absorption and another to decrease it, the results fell 
within the normal range. 
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i. Effect of the plasma iron level on absorption from the gut: In the stud 
ies on normal and phlebotomized subjects there was no evident correlation be- 
tween plasma iron and the amount of iron absorbed. To obtain more definite 
information, absorption studies were performed before and after the plasma 
iron had been raised to saturation of the iron-binding protein in 3 rabbits and 
in 2 normal subjeets who had been previously phlebotomized. This elevation of 
plasma iron was accomplished by the infusion of erythrocytes rendered non 
viable through in vitro storage in sodium eitrate for 3 weeks. The marked in 
crease in plasma iron which occurred between 2 and 8 hours after injection of 
the cells, due to the catabolism of their hemoglobin, did not significantly affect 
absorption Table V 


#” PLASMA IRON LEVEL ON IRON ABSORPTION 


PLASMA IRON ABSORPTION 
nwa /100 M (PER CENT 
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B. Effects of Nome Local Factors on Tron Absorption. Many questions 
which fall outside the scope of this paper arise concerning local factors within 
the gastrointestinal lumen. However, certain observations relating to the 
form and amount of administered iron and the effects of food and aseorbie acid 


are presented because of their practical importance in iron therapy. 


OF IRON ON ABSORPTION IN PHLEBOTOMIZED NORMAL SUBJECTS 


ABSORPTION PER CENT 
FERROUS SULFATE ** QUICK’? RELEA 
SOLUTION SPANSULI 
LS.8 23.8 
,6.8 21.0 
15.0 8.0 
FERROUS SULFATI 
SOLUTION 
24.0 
17.4 
38.0 
FERROUS SULFATI 
SOLUTION 
50 9.9 
50 10.7 
50 20.8 
100 4.7 
100 15 


1. Form of ingested iron: The absorption of a solution of ferrous sulfate 


was compared with that of ferrous sulfate in the form of quickly disintegrating 
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and slowly disintegrating spansules.* The spansule and ferrous sulfate prepara- 
tions were fed to fasting phlebotomized subjects on alternate mornings. Results 
(Table VI) indicated little difference between the iron solution and the rapid 
release spansule, but did show a marked reduction in the amount of iron ab- 
sorbed from the preparation with a slower release through the lower intestinal 
tract. Studies comparing ferrous sulfate with iron in the form of a calcium 
citrate chelatet showed little difference between these two compounds. 

2. Relation between dosage of iron and amount absorbed: Data on 6 normal 
male volunteers, 13 other normal volunteers who had previously been phlebot- 
omized, and on 8 iron deficient patients are summarized in Fig. 4. All tests 
were done with subjects in a fasting state and all were given freshly prepared 
selutions of ferrous sulfate varying in dosage from 5 to 500 mg. of iron. Nor- 
mal subjeets showed such individual variations as to obscure the effect of dosage 
on absorption. However, in phlebotomized and iron deficient subjects, the 
higher absorption with inereases in iron ingestion was better defined. The 3 
groups studiea appeared to differ largely in the capacity of the mucosa to trans- 
port iron. The absorption ratio between the normal, phlebotomized, and iron 
deficient subjects was approximately 1:3: 9. 
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The absorption of varying dosages of iron in normal, 


phlebotomized, and iron deficient 
subjects. 


3. The effect of ascorbic acid and cobalt on iron absorption: In animals 
given a constant amount of ascorbie acid and increments of oral iron (Fig. 5), 
it was possible to demonstrate an enhancement in iron absorption. In man, 
smaller dosages of ascorbie acid, in keeping with amounts feasible for clinical 
administration, were given. The dosage of ascorbie acid varied from 100 to 1,000 
me., and iron was given in amounts of either 1 or 2 mg./Kg. The subjects were 


*These were obtained through the courtesy of Smith, Kline & French 
Philadelphia, Pa 

*This material, ferrous calcium citrate with tricalcium citrate, distributed as Rarical, 
was obtained through the courtesy of the Ortho Pharmaceutical Corporation, Raritan, N. J. 


Laboratories, 
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phlebotomized prior to absorption tests and studied either fasting or post- 
prandial. The effect of ascorbie acid was not pronounced, as indicated by an 
average absorption of 12 per cent in all studies as compared with control values 
ot 9 per cent (Table VIT) 
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The effect of 10 mg. of ascorbic acid given with varying dos f iron was compared 
with absorption of iron alone 


TABLE VII. Errects or AScorBIC ACID ON IRON ABSORPTION IN PHLEBOTOMIZED 
NORMAL SUBJECTS 


DOSE OF ABSORPTION ( PER CENT 
ASCORBIC ACID WITH ASCORBI« 
METHOD OF Fe ADMINISTRATION MG. CONTROI ACID 
Fasting LOO 10 11.6 
Dose of 1 mg./Kg. 200 17 22.0 
200 S 13.0 
500 6 S.0 
1,000 12 16.0 
Fasting 100 6.5 1.9 
Dose of 2 mg./Kg. 200 7.3 * 
400 
600 
1,000 i i. 
\fter Meals 100 } 11.0 
Dose of 1 mg./Kg. 200 3. 15.0 
500 ld 24.0 
1,000 $ 14.0 


The effect on iron absorption of 80 to 120 mg. per day of cobalt given as 
cobalt chloride was also determined. In two subjects absorption studies were 
earried out after 7 days and in two others after 14 days of cobalt administration. 
Absorptions before and after cobalt were 3.7 versus 9.8 per cent, 2.3 versus 5.5 
per cent, 9.4 versus 9.2 per cent, and 9.8 versus 8.1 per cent. 
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DISCUSSION 


Ingested iron is absorbed in the ferrous form largely by the duodenum. The 
absorbed iron passes through the mucosal cells into the blood stream where it is 
bound by a beta-1 globulin of the plasma. Normally about 90 per cent of this 
iron is incorporated into the hemoglobin and is found in the circulating red 
cell mass within 2 or 3 weeks; in iron deficiency anemia absorbed iron may be 
almost quantitatively recovered from circulating erythrocytes 

The most accurate early information in the literature of iron absorption 
related to iron deficiency anemia, where the amounts of iron absorbed were 
great, and absorption could be measured by the inerease in circulating hemo 
globin. Initial measurements employing radioiron followed the same principle 
of measuring the radioactivity in the cireulating red cell mass.'? This measure- 
ment was found to be unreliable in certain diseases due to a significant and 
variable distribution of radioactive iron into tissues other than the erythrocyte. 
This led to the development of a stool recovery method where absorption was de- 
termined from the difference between iron administered and that recovered in 
the feces.’ 

While there is no reason to question the validity of this method on theoret- 
ical grounds, since exeretion of absorbed iron into the gut is negligible, there 
are practical difficulties. Not only is it a problem to ensure complete collection 
over a period of & to 12 day s, but the per cent absorption is often so small that 
technical errors are magnified.* At these low levels it is possible to determine 
absorption more accurately by a double isotope method, whereby the second 
isotope measures distribution between tissues and red cells. The ratio of the 
two isotopes then indicates the total amount absorbed without the necessity of a 
blood volume determination. The reliability of this method at a dose range of 
0.5 mg./Kg. iron in measuring isotope distribution between red cells and other 
tissues has been previously reported.® These studies have been extended over a 
wide dose range up to 10 mg./Kg. with similar results.'® Combined stool and 
double isotope measurements on 4 subjects gave an average of 12 per cent and 


9 per cent, respectively (Table I In another subject given radioiron every 


® days over a 42-day period, average daily absorption was 5.4 per cent by the 


stool method and 3.9 per cent by the double isotope technique (Fig. 1). A 
further indication of the general reproducibility of the double isotope technique 
was found in examination of the consistency in repeat measurements in the 


same individual where the two sets of conditions produced similar absorption 


(Tables V, VI, and VII 


*In certain conditions, e.g., infections, lymphomas and hemolytic anemias,” and rheuma- 
toid arthritis,‘ absorption as judged by stool recoveries has been found sometimes to be a 
xood deal greater than would have been apparent from blood levels alone Such results would 
presume that only a small portion of the radioiron entering the plasma d for hemo- 
globin production in these conditions. In recent years, however, it has using 
iron of high specific activity, to tag the plasma iron-binding globulin without exceeding its 
binding capacity and so find out what proportion of the plasma iron is concerned with red 
cell production.“ Under these circumstances, with the exception of certain hemolytic anemias, 
it has been shown that red cell utilization is only rarely below 50 per cent and that it is 
usually a good deal higher.** These findings suggest the need for re-evaluating some of the 
earlier results for absorption obtained by stool recovery techniques. 
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It is apparent that the method employed to measure iron absorption must 
be modified depending on the problem at hand. When the per cent incorpora- 
tion of radioiron is 80 to 100 as in the normal or iron deficient subject, a de- 
termination of total red cell activity at two weeks will suffice. Comparison can 
then be made of two absorption tests employing different isotopes. If the per 
cent utilization of radioiron for red cell production is not predictable, either the 
double isotope method previously described or the stool recovery method must 
he employed. While the double isotope method has been preferred for most of 
the studies reported here because of its simplicity and greater accuracy, this 
method is not feasible when there is a complete failure of erythropoiesis. <Ac- 
cordingly, in these studies a variety of methods have been employed according to 
the experimental situation. 

A further adjunet to the evaluation of absorption in man has been the use 
of phlebotomy. This has proved particularly useful in testing iron prepara- 
tions of unknown value, since the amount of iron absorbed in normal subjects 
is often too small for definitive results. The absorption by phlebotomized sub- 
jects over a range of iron dosage was 2 to 3 times normal (Fig. +) and appeared 
somewhat more uniform from subject to subject. 

Normal man was taken as a reference point in studies of iron absorption. 
It seemed important to define normality insofar as possible as it is related 
to erythropoiesis and body iron content including normal red cell, plasma, and 
marrow iron values. In such subjects, mean absorption of ferrous salts ranged 


between 2 and 8 mg. as the dose of iron was inereased from 20 to 400 mg. 


(Fig. 3). One point of interest was the variation in absorption between indi- 


vidual normal subjects. While the explanation for this may lie in changes too 


subtle to measure, it does emphasize the difficulty of evaluating absorption in 


the normal subject unless comparative measurements between two compounds 
are made, 

Both the status of iron stores and the level of erythropoiesis have been 
shown to influence iron absorption. The increased absorption of both iron salts 
and dietary iron in iron deficiency has been well established.*:'* Studies here 
in animals also indicated depressed iron absorption when iron stores weve in 
creased above normal. To what extent this may apply within the narrower 
limits of expansion and contraction of the normal iron stores is net clear. Avail 
able evidence suggests that once the anemia of iron deficiency has been corrected, 
iron absorption returns to a normal base line despite depleted stores.'* '* More 
data are required on this point. 

The second important factor influencing absorption is the activity of eryth- 
roid marrow. In the present study, absorption has been shown to be either in- 
creased or decreased in direct relationship to the level of erythropoiesis in ex- 
perimental animals given iron salts. These findings support previous reports 
of inereased absorption related to increased erythropoiesis in experimental an- 


imals.*! In the phlebotomized but otherwise normal subject, absorption has 
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heen shown to be consistently elevated (Fig. 1). The lack of any relationship 
between iron absorption and anemia per se is indicated by clinical studies in a 
following report.** 

In summary, a variety of experiments has provided abundant evidence to 
indieate that interplay between body iron content and erythropoietic activity 
affect iron absorption. 

The effectiveness of oral iron in treatment of iron deficiene¢y anemia is in- 
dicated by comparing the amount of iron whieh may be absorbed with the needs 
of the marrow for erythropoiesis. These marrow requirements, estimated at 25 
to 50 mg. per day,** are met by a single dose of 150 to 200 mg. of iron. Com- 
parative studies of different forms of iron indicate that iron must be in a form 
available to the upper intestinal tract, and that aseorbie acid* in doses of 100 to 
1,000 mg. and cobalt in daily dosage of 80 to 120 mg. over one to two weeks do 
not offer any significant advantage in iron therapy. <A citrate-calcium-chelate 
of iron was shown to be nearly as well absorbed as ferrous sulfate. While these 
absorption data have no bearing on the tolerance of various preparations, they 
are consistent with many observations in the literature that ferrous salts in a 
form available to the upper intestine are the most suitable forms of medicinal 
iron, and a daily dosage of 0.2 to 0.3 mg. iron per kilogram, equivalent to 0.2 
(im. exsiccated ferrous sulfate 3 times per day, is usually adequate. 

Certain speculations concerning the mechanism of iron absorption seem 
justified. The role of iron stores and erythropoiesis in modifying absorption has 
heen shown. The time relationship of erythroid marrow and inereased iron 
absorption is of particular interest. Following phlebotomy marrow iron up- 
take increases within 24 hours,* while absorption shows a lag of several days. 
The connection between marrow and intestinal mucosa is not through the plasma 
iron or hemoglobin level. Another mechanism whereby the needs of the bone 
marrow are felt by the mucosa must be operative, although this has not been 
directly demonstrated. 


SUMMARY 


Iron absorption has been quantitated by a double isotope method, by stool 
recovery and by comparative measurements of iron absorption from two eom- 
pounds as they appeared within the red cell mass. Employing these isotope 
measuring techniques, the regulation of absorption of small and large doses of 
iron has been studied. 

Both the size of iron stores and the rate of erythropoiesis have been shown 
to influence the absorption of iron. The larger the iron stores the less iron 
absorbed whereas the greater the red cell production, the greater the amount 
of iron absorbed. 

Absorption in normal and phlebotomized subjects and in patients with iron 
deficiency was measured. The effects on absorption of the amount of iron, the 


form in which it is administered, and of supplements were also evaluated. 


*The effect of ascorbic acid would appear different when employed with therapeutic doses 
of iron salt as compared to its administration with food iron, when it has been shown to have 
a clear-cut effect in enhancing absorption.” 
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IRON ABSORPTION 


It. Tuer ApsorpTion oF RapiorRoON ADMINISTERED WitH A STANDARD 
MEAL IN MAN 


G. Pirzio-Birroui, M.D., T. H. Boruweii, M.D., ann C. A. Fixcu, M.D. 
SEATTLE, WASH. 


N THE preceding report' evidence has been presented that iron absorption 

is influenced by at least two factors, i.e., the state of the body iron stores and 
the erythropoietic activity of the marrow. These conclusions were drawn from 
studies performed in both laboratory animals and human subjects. In an at- 
tempt to minimize the numerous variables attendant upon such an investigation, 
all experiments were done with subjects in the fasting state and soluble iron 
salts were used. With this general information on iron absorption in hand, it 
seemed of importance to evaluate the absorption of iron in food by individuals 
in a healthy state and in patients suffering from any one of a variety of diseases 
affecting iron metabolism. 


MATERIALS AND METHODS 


Sub jects.—The normal group consisted of 8 voung men between the ages of 20 and 
1 years, 6 patients with psychoses, and 6 patients with other illness not affecting hemato 
poiesis. These patients were chosen on the basis of a normal history relative to iron 
metabolism, their state of good health, normal hematologic studies, and, when possible, the 
demonstration of adequate iron stores by marrow examination. 

An tron deficient group consisted of 19 anemic patients who fulfilled the diagnostic 
criteria of having an absence of marrow hemosiderin and a depressed plasma iron level. 
Fourteen had microcytosis and 14 of 17 had hypochromia. Plasma iron was below 50 mg. 
per cent in all except one (subject 2) who had been placed on iron therapy 3 days pre 
ceding the determination. These patients were further divided into two groups, an uncom 
plicated and a complicated group. The uncomplicated was composed of those patients with 
no associated illness which might have altered iron metabolism and whose anemia responded 
promptly to oral iron. The complicated group consisted of those patients whose iron de 
ficiency state, while fulfilling the criteria for iron deficiency, was refractory to orel iron 
therapy or those who had some disease which might be anticipated to alter absorption. 

The group with inereased crythropoicsis included 15 patients with various hematologic 
disorders, all having in common increased red cell marrow activity. Reticulocyte counts are 
included in this group to indicate the level of effective erythropoietic activity. 

Decreased crythropoiesis was represented by 4 patients, all with marked reticulocyto 
penia and a significant degree of anemia; 3 of the 4 patients required transfusions. 

Iron storage disease (idiopathic hemochromatosis) was represented by 5 patients who 
had been so diagnosed through histologic examination of liver biopsies. 

Procedure.—Subjects were questioned concerning prior oral iron intake, diet, blood 
donations or transfusions, and associated disease. Blood studies were performed which in 


cluded red cell count, hematocrit, hemoglobin, reticulocyte count, serum iron, and, when pos 


sible, marrow aspiration for hemosiderin. 
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The iron absorption study was done at noon. Canned food materials were obtained 
for the test, and the same manufacturer’s lot was used throughout the experiment. The 
test meal consisted of corned beef hash (200 Gm.), applesauce (200 Gm.), tomato juice 
(200 Gm.), soda crackers (13 Gm.), and cocoa (3 Gm.). The iron content of the meal was 
found by analysis to be 4.6 mg. <A tracer dose of 50 pe Fe55 Cl+++ was administered half 
way through the meal. 


The absorption of radioiron from this meal was measured by the double isotope method 
of Saylor and Finch? in all studies except for those on 2 patients (61 and 50) who had 
negligible erythropoietic activity. The method consisted of administering one isotope of 
iron by mouth as ferric chloride and the other, bound to fresh plasma, intravenously. Two 
weeks after the test meal, samples of blood were obtained and a quantity sufficient to give 
adequate counts was electroplated on copper planchettes. The per cent of absorption was 
determined by comparing the relative amounts of the two isotopes in the blood to the doses 
administered. 

A second method, designed to determine comparative absorption of iron on two ocea 
sions, was employed. Here, one isotope of iron was given with a test meal on one day, 
and a second isotope was administered with a test meal on the next day. This permitted 
comparison between a control absorption study and the situation to be evaluated. Further 
details of these methods and the stool recovery technique of measuring absorption are pro 
vided in the preceding article.1 

Plasma iron was estimated by the method of Bothwell and Mallett? or Kitzes, El 
vehjem, and Schuette. Bone marrow iron was estimated from sternal aspirate by the 
method of Rath and Finch.5 Hemoglobin was determined as oxyhemoglobin in an Evelyn 
colorimeter and hematocrits were spun at 1,800 g for 30 minutes. Reticulocytes were stained 


with cresyl blue and the number per 1,000 erthrocytes enumerated. 


TABLE I. ABSORPTION OF IRON GIVEN WITH A TEST MEAL IN NORMAL SUBJECTS 


IRON 
ABSORI 
PCV RETICt PLASMA MARROW TION 
PATIENT PER MCV LOCY TES FE (PER 
NO. SEX CENT cUs % (uG% ) GRADE ) CENT 
Normal Students 
35 M 48 SY 
34 M 17 89 
3 M 16 87 
32 M 45 84 
109 M 17 86 
110 M ) 91 
111 M ) 98 ‘ . 
112 M 2 0.2 
Paticnts Convalesce From Disorders 
1 M 90 3: 0.8 
15 , 86 0.7 
16 ’ j 94 3: 2.1 
17 oy y St) : 0.7 
18 ‘ 43 7 d 2.0 
9 M ‘ 3: 0.4 
Subjects With Psuchoses 
21 M 16 
y M 16 
22 M 47 85 
14 M 18 96 
20 M 1S 83 
13 M +8 99 


Patients With crnicwous Anemia in Remission 
54 M 40 88 38 l. 
KF 45 SO < Be 
KF 38 78 Re 
E. 


KF 38 89 


] 


*In contrast to other groups when radioiron was given with meals, in Group C radioiron 
was administered immediately preceding the regular hospital meal. 
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RESULTS 


The absorption of radioiron given with a standard meal to 20 patients con- 
sidered normal and 4 patients with pernicious anemia in remission is sum- 
marized in Table I. The average absorption was 5.3 per cent (S.D. + 4 per cent). 
The maximal absorption was 16.6 per cent and the minimal absorption 0.5 
per cent. There was no indication that variations from the mean in this group 
of 20 patients were related to age, sex, hematocrit, reticulocyte count, plasma 
iron, or marrow iron. No deerease of absorption was found in 4 patients with 
gastrie achlorhydria (Group D 

To indicate to what extent composition of the diet might alter iron absorp- 
tion from this test meal, supplements of ascorbic acid in amounts of 200 to 
1,000 mg. were given to 4+ subjects. While absorption was not appreciably in- 
creased with the 200 mg. dose, with amounts of 500 to 1,000 mg., absorption was 
doubled when compared to the control value of the same subjects (Table IT). 


TABLE II 


ASCORBIC ACID ABSORPTION (% OF ADMIN. IRON ) 
SUBJECT MG. ) CONTROL WITH ASCORBI( 
Lo. 200 deo 4.1 
Ho. 500 4.2 9.0 
am 


Ha. 750 9 4.3 


50. 1000 10.6 22.1 

Tron Deficiency. Absorption of radioiron from the test meal was studied 
in 7 female patients and in 1 male patient who had uncomplicated iron de- 
ficiency anemia (Table IIIT, A). Absorption was increased above the average 
normal of 5.3 per cent in all these patients. The average absorption in the 
uncomplicated iron deficient group was 21.6 per cent. 

A second group of 11 subjects was of interest in that absorption was de- 
pressed despite iron deficiency anemia (Table II], B and Fig. 1). Complicat- 
ing conditions included malabsorption svndrome (nontropical sprue), myxedema, 
infection, gastrointestinal neoplasm, and previous gastrointestinal surgery. In 
3 patients there was no response to oral iron but response did follow intra- 
venous saccharated iron. In two patients who had had partial gastreetomy 
there was a response to a therapeutic dosage of oral iron salts. One patient 


(75) with no detectable associated disorder and with moderately severe iron 


deficiency anemia did not respond to oral iron, but had a normal response to 
intravenous therapy. 


Increased Erythropoiesis—Fifteen patients with inereased marrow eryth- 
roid activity were studied (Table IV). Eleven of these had not been given 
oral or parenteral iron or transfused blood. They were considered to have 
normal body iron stores although it was appreciated that a shift in iron had 
occurred from red cells to tissues. The first 7 patients had pernicious anemia 
in relapse. More detailed hematopoietic studies, reported elsewhere on similar 
patients who also had B,. deficiency, indicated that despite low circulating 
reticulocyte counts total marrow erythropoiesis was approximately three times 
normal. Absorption in the group of 7 patients averaged 5.7 per cent. The 
additional 4 patients with hereditary hemolytic anemia averaged 9.7 per cent 
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absorption. Four patients had been repeatedly transfused and had heavy hemo- 
siderin deposits in the marrow. Absorption studies in these patients showed a 
low absorption in 3 and a somewhat elevated absorption in the fourth, with a 
group average of 4.5 per cent. As shown in Fig. 2, the absorption in this 
group of 15 patients with hemolytic anemia was only slightly higher than the 
normal patients studied. 
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Fig. 1 Absorption in complicated patients with iron deficiency anemia is shown by 


the solid areas on the right, as compared with absorption observed in normal subjects and 
patients with uncomplicated iron deficiency anemia 
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Fig. 2.—Relation of iron absorption to erythropoiesis. The normal range of absorption 
is shown on the left Solid black areas indicate the per cent of absorption in 4 patients with 
aplastic anemia Absorption of iron by 15 patients with increased erythropoiesis is indicated 
by the cross-hatched columns on the right. 


Decreased Erythropoiesis.—Four patients with decreased red cell produe- 
tion were studied (Table V). One of these patients had had no previous trans- 


fusions. The others had been transfused frequently. Absorption, measured by 
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the double isotope method in all and the stool method as well in the 2 patients 
who had a negligible red cell funetion (61 and 50), indicated marked depression 
in iron absorption in all 4 patients. 

Idiopathic Hemochromatosis.—Absorption studies (Table VI) were ear- 
ried out before treatment in 5 patients with iron storage disease. Their ab- 
sorption varied from 4.7 to 17 per cent (average of 10.6 per cent). While this 
is not greatly above the normal it becomes particularly significant when the 
large iron stores of these patients are considered. Furthermore, absorption was 
increased to 29.7 per cent following multiple phlebotomies at a time when the 
serum iron was still elevated or normal and tissue iron stores were still greatly 
inereased. This increase was greater than that seen in eases of nonecomplicated 
iron deficiency anemia or in the group of phlebotomized normal subjects men- 
tioned in the previous article. 


TABLE VI. HEMOCHROMATOSIS 


| PCV | RETICU- | P.I. | MARROW | 
PATIENT DIAGNOSIS SEX %) | MCV | MCHC LOCYTES MCG % FE GRADE ABSORP. 
1. Before Phlebotomy Treatment 

48 M 42 90 33 j 318 
Met. M 2 102 33 f 245 
81 M 47 92 33 260 
124 M 46 - a 212 
38 M 76 90 36 ‘ 285 

B. After Re peated Bleeding, but Not Tron Depleted 
38A M $3 87 34 2.6 105 
48A M 38 89 30 2. 262 
88 M 42 87 34 2. 192 


fed fed ed 
“Ie -1 to 
or ovec 


ne 


DISCUSSION 


It is generally accepted that the amount of iron absorbed from food is 
dependent on both the individual’s capacity to absorb iron and the ‘‘avail 
ability’’ of the dietary iron ingested. The absorption of food iron may differ 
greatly according to the type of food in which it is found. This is well docu 
mented by the studies of Chodos and associates,’ Walsh and associates,” and 
Moore and associates’ in which radioiron was incorporated into several food 
articles in its natural form and its absorption measured. However, these re- 
ports indicate the absorption of iron from only a few foods and no attempt 
has been made to label an entire diet. Beyond this, the blocking effect of 
such substances as phosphates'’ and phytates'' and the enhancement of ab- 
sorption by reducing substances such as asecorbie acid must be considered." 

It becomes apparent, if one assumes that isotope methods are essential for 
precise measurement of absorption, that not only is the isotope labeling of an 
entire diet a formidable task, but that an arbitrary diet must be selected regard- 
less of the extent of labeling. After considering these problems it was decided 
to employ a standard meal to which Fe*®* Cl was added in tracer amount. It 
was assumed that this iron would mix with a considerable portion of food iron 
which would be converted to chloride salt within the stomach. Thus, while not 


representing all of the dietary iron, this would represent a large portion of 
ingested food iron. 
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The average absorption in normal subjects given this tagged test meal 
Table I) was 5.3 per cent, which might be extrapolated to a daily absorption 
of 0.8 mg. from a diet containing a total of 16 mg. of iron. The results are in 
general similar to other studies employing food and radioiron techniques. Sharpe 
and associates'' found an average absorption of 4.4 per cent in adolescent boys 
fed a meal of milk, rolled oats, tomato juice, white bread, omelet, and radio- 
iron. Chodos and associates’ found 0.5 to 5 per cent absorption of radioactive 
iron from eggs, 0.8 to 1.6 per cent from Swiss chard, and 0.8 to 0.9 per cent 
from beet greens. Moore and Dubach® found 1 to 8 per cent from tagged 
eggs and an average of 6 per eent from liver. Walsh and associates* found 
3 per cent from hemoglobin iron and 8 per cent from liver and kidneys. These 
figures are also in general agreement with the exeretion studies of Dubach and 
co-workers and the eareful balance studies of Johnston and associates'* which 
estimate an iron turnover in man of approximately 0.5 to 1.5 mg. per day. 

A comparison of the present results with those obtained previously when 
iron alone was given’ indicates that the presence of food reduces absorption by 
approximately one half. This effect has been pointed out by others.*:'° ™ 
Studies with aseorbie acid reported here Table II) and presented by others’* 
suggest that the action of ascorbie acid is concerned at least in part with this 
blocking mechanism of food since ascorbic acid is less effective with iron salts 
alone.’ 

Results in 4 subjects with histamine-fast achlorhydria show no significant 
deviation from the normal, lending further support to the contention of Moore 
and Dubach® that gastrie acidity plays no demonstrable role in the absorption 
of iron from food. 

Variations from 0.5 to 16.6 per cent in absorption from this test meal 
observed between individuals in the normal group are unexplained, since no 
correlation was observed between these results and the hematologic measure- 
ments, plasma iron level, or marrow iron. Such differences, however, do point 
out the difficulty of evaluating factors affecting iron absorption in the normal 
subject. 

Erythropoietie activity has been shown to affect absorption of iron salts." 
With decreased red cell production, iron absorption was depressed, whereas 
increased erythropoiesis was associated with enhanced iron uptake. Consistent 
with these results the absorption of iron from food was depressed in 4 subjects 
with aregenerative anemia to between 0 and 1.4 per cent and had an associated 


inerease in iron stores. Patients with increased erythropoiesis showed less con- 


sistent results (Fig. 2). Discounting the subjects who had increased body 


iron stores due to transfusion, the remainder showed an absorption of 7.2 per 


cent, only slightly above the normal average. This group was heavily weighted 


with patients having pernicious anemia in relapse. Their erythroid marrow 
is know to be hyperactive and their plasma iron turnover three times normal.® 
yet iron absorption was not significantly increased (Table IV, A). 

Patients with other types of hemolytic anemia had an average absorption 
somewhat above the normal range (9.7 per cent as compared to the normal 


average of 5.3 per cent). While in better controlled animal studies it has 








46 PIRZIO-BIROLI, BOTHWELL, AND FINCH J. Lat & Cle Med. 
been possible to demonstrate in a variety of hemolytic anemias a significant 
increase in absorption, results in man are less convineing. It is possible that 
the present clinical data are inadequate, since relatively few patients with maxi- 
mal erythropoiesis were studied; yet there was no obvious correlation between 
degree of erythropoiesis and the level of absorption (see Patients 122, 101, 94, 
and 106). It is also likely that increased iron stores, which have been shown 
to be able to counteract the effect of increased erythropoiesis on iron absorption, 
might be of importanee in keeping absorption within normal range. In an 
attempt to evaluate this point, a comparison was made between patients where 
iron stores were not known to be enlarged through therapy (Group A of Table 
IV), and patients having had previous transfusions or oral iron (Group B 
While absorption in Group B was 4.5 per cent as compared to 7.2 per cent in 
(iroup A, individual variations were so great as to make this of little signifieance. 
Further attempts by history and marrow examination for hemosiderin were 
not helpful in bringing individual variations into line. These studies, however, 
would suggest that iron overload from diet is unlikely in hemolytic anemia 
and that it should not occur in anemias with hypoplastic marrow. It follows 
that those cases reported to show such overload may be presumed to be the 
result of long continued oral iron therapy or blood transfusions. 

The second internal factor of some consequence in the regulation of iron 
absorption is the state of iron stores.1. In the presence of iron deficiency ane 
mia, where there was considered to be both depleted iron stores and increased 
marrow capacity to assimilate iron, absorption of radioiron from the test meal 
was increased. The inereased absorption of iron in iron deficiency has been 
consistently demonstrated both with iron salts'* ! and with food iron.*:** In 
our own studies' absorption of 4 to 5 mg. of iron salts in the normal subject 
was estimated at about 15 per cent as compared to 80 per cent in the iron 
deficient subject. At a similar iron dose, absorption from food was 5.3 per cent 
in the normal and approximately 22 per cent in the iron deficient patient. It 
is also of interest to estimate daily food iron absorption from the later data. 
Assuming a total dietary iron intake of 15 mg. per day and an absorption of 


22 per cent, daily absorption would be 3.3 mg. This is quite similar to the 
figure of 3 to 4 mg. per day caleulated previously from the iron balance of 
phlebotomized patients with polyeythemia vera." 

While experimental evidence is conclusive in showing a depression of ab- 
sorption as a result of iron overload, no uncomplicated patients were available 
on whom such observations could be made. However, the data on patients 
with combined hemolytic anemia and iron overload or deereased erythropoiesis 
and iron overload tend to substantiate this. Information now available does not 
permit a conclusion as to whether absorption is altered by small increases or 
decreases in iron stores. 

While an extreme degree of iron overload exists in idiopathic hemochroma- 
tosis, this must be regarded as a special condition. Here it has been recognized 
that excessive absorption is responsible for the iron surplus, and this excessive 
absorption has been demonstrated.” *:'* Observations on the 5 subjects studied 
here indicate that despite massive iron stores and elevated plasma iron, the 
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average absorption was over 10 per cent. Following phlebotomy with resultant 
increase in erythropoiesis, the average absorption was increased to 29 per cent 
in spite of the facet that iron stores were still excessive and that plasma iron 
level was normal or elevated. It should be noted that this figure exceeds that 
found in uncomplicated iron deficiency anemia or in phlebotomized subjects. 
These studies, in keeping with observations of Chodos and associates’ and Peter- 
son and co-workers,'® indicate that the state of iron stores and the level of 
erythropoietic activity may influence absorption in the patient with hemo- 
chromatosis as well as in the normal subject. The basie level of absorption in 
idiopathic hemochromatosis, however, is considerably above that found in normal 
man and accounts for the gradual accumulation of excessive iron in the body. 

Factors other than decreased erythropoiesis or increased iron stores may 
decrease iron absorption. Such decreases are more clearly demonstrated in the 
phlebotomized, or better yet, in the iron deficient subject. In this study 
there were 11 patients who did not show the expected increase characteristic 
of iron deficiency. This was a selected group and does not in any way reflect 
the incidence of malabsorption of iron. Etiologie factors included (1) idiopathic 
steatorrhea, which has been previously demonstrated to interfere with iron 
absorption,” and to be responsible for perhaps one half of the instances of re- 
fractiveness to oral iron therapy; (2) infection, which has been shown to block 
not only mucosal transfer of iron,” ** but the transportation of iron across the 
placenta and reticuloendothelial cells**; (3) myxedema, where the defect is 
reversible with therapy; and (4) the partial gastrectomy state, where a curious 
diserepaney exists between response to oral iron salts** and lack of absorption 
of food iron.? In view of the importance of time of exposure to the mucosa,?° 
it might be suggested that the rapid transit of iron in a bolus of food might 
produce this abnormality. 

Finally, a study of the absorption of iron in the various patients studied 
showed no correlation with the hemoglobin level of the patient. Thus it may 


be coneluded that anemia per se plays no role in the regulation of iron absorp- 
tion. 


SUMMARY 


The absorption of iron in food was studied by the administration of a test 
meal to which a tracer dose of Fe Cl, was added. A double isotope technique 
was employed to quantitate absorption. 

The absorption of iron from food by both normal and iron deficient sub- 
jects was lower than that seen when iron salts alone were given. Supplemental 
ascorbie acid diminished this difference. 

In keeping with previous studies employing iron salts, it was found that 
absorption from diet also varied inversely with iron stores and directly with 
the degree of erythropoiesis. However, increases in hemolytic anemia were 
usually not significant, and it seems unlikely that iron overload from dietary 
sourees will oceur in either aplastic or hemolytie anemia. 

Studies in idiopathic hemochromatosis before and after phlebotomies indi- 
cate excessive absorption in these patients under all circumstances. 
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In addition to excessive iron stores and decreased erythropoiesis there are 
conditions which may act at the mucosal level to impair iron absorption. Idio 
pathic steatorrhea, infection, myxedema, and the postgastrectomy state have all 
been shown to result in decreased absorption by the iron deficient patient. 
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LOWERED GLUCOSE UTILIZATION, PHOSPHATE UPTAKE, AND 
REDUCED GLUTATHIONE CONTENT OF ERYTHROCYTES 
FOLLOWING BILATERAL NEPHRECTOMY 
EK. E. Murrueap, M.D., anp F. JoNnEs, M.S. 

DALLAS, TEXAS 


WITH THE ASSISTANCE OF B. Brooks 


—_Senceralptent: bilateral nephrectomy (dog and rabbit) an anemia which is 


partly hemolytic develops.' Observations on the lifespan of erythrocytes 
following renal ablation of the dog* indicate the development within 4 days of 
a shortened erythrocytic lifespan. In this discussion we present data coneern- 
ing the glucose utilization, phosphate uptake, and reduced glutathione (GSH) 


content of erythrocytes 4 days following bilateral nephrectomy of the dog. 


METHODS 


Thirty normal mongrel dogs (average weight 9.3 kilograms) of either sex were used. 
Both kidneys were removed at the same time by the anterior abdominal approach while 
the animal was under ether anesthesia. Following the nephrectomies 10 animals received 
a diet containing no protein, 10 animals received no diet, and 10 animals received a pro 
tein or amino acid containing diet. The caloric intake varied between none to 25 calo- 
ries per kilogram per day (47 per cent protein, 27 per cent fat, and 26 per cent carbohy- 
drate plus added vitamins as described4). In addition, all animals were given 16 ml. of 
physiologic saline per kilogram per day by the intravenous route. The saline was de 
termined by experience to improve the well-being of the animal and seemed to prevent 
vomiting. 

Duplicate analyses were performed on each sample. These duplicate values showed 
minimal variation and were averaged for the final values. Control samples were obtained 
prior to the nephrectomies and the test samples were obtained 4 days after the renal 
ablation. Ten milliliters of blood was drawn from the femoral artery directly into a 
svringe containing a drop of heparin solution. The sample was immediately chilled in 
ice and the analyses were begun within a short time. 

The glucose utilization was determined according to the approach described by 
Hollingsworth,® which utilizes the Somogyi method for glucose.6 The inorganic phosphate 
uptake was measured by the use of P32 containing orthophosphate as described by Feinstein, 
Gordon, and Bethard.7 On 5 occasions, presented separately, the phosphate uptake was 
measured according to the method described by Prankerd.§ The reduced glutathione con 


tent was determined according to the technique of Grunert and Phillips.® 


RESULTS 


The data in Table I are paired data referring to the control values before 


nephrectomy and the value 4 days after nephrectomy. A ‘‘t’’ test was used to 
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test whether or not the mean difference between the control and 4-day values 


differed significantly from zero. The statistical summary is given in Table II. 


TABLE I, 
FROM 


PatRED Data (CONTROL AND 4 DaYs FOLLOWING BILATERAL NEPHRECTOMY 
rHE BS EXPERIMENTS. EACH MEASUREMENT REPRESENTS THE AVERAGE OF 
CLOSELY AGREEING DUPLICATE ANALYSES. THE DaTA ARE ANALYZED 
STATISTICALLY IN TABLE II 
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STATISTICAL SUMMARY OF THE VALUES OF TABLE 


VALUES 
N 
x 


¢ 


GLUCOSE 
UTILIZATION 
25 
8.24 
2 006 


| 
ps2 
UPTAKE 
ya 
3.43 


0.477 


REDUCED 
GLUTATHIONI 
CONTENT 
» 
12.24 


5 
1.0 
7.19 11.88 


ul 
t 4.11 
} < 0.001 < 0.001 


) < 0.001 


The results for all 3 measurements are significantly different from zero, 
thus indieating a significant decline in all three biochemical measurements. 

The lowering of the phosphate uptake by the erythrocytes is supported 
further by the data from the 5 animals for which the Prankerd method*® was 
used. Table IIT contains these data as well as additional data on the glucose 
utilization and GSH eontent. 


In the experiments of Table III repeated control measurements and 


measurements at 8, 16, 24, 72, and 96 hours following the nephrectomies were 
obtained. The data suggest beginning of lowering of the values by 24 hours 


Ky) 


and a distinct lowering by 72 to 96 hours. The lowered phosphate uptake is 


more definitely demonstrated by the Prankerd method which uses larger 
volumes of erythrocytes agitated and oxygenated in the Warburg apparatus. 





ERYTHROCYTES FOLLOWING BILATERAL NEPHRECTOMY 51 


TABLE IIT. IN THESE EXPERIMENTS THE GLUCOSE UTILIZATION, PHOSPHATE UPTAKE, AND 
GSH ConTENT WERE DETERMINED WITHIN 8 AND 96 Hours FOLLOWING THE RENAI 
ABLATION. MULTIPLE BASE-LINE VALUES, EACH CHECKED BY DUPLICATE 
ANALYSIS, WERE SIMILAR. THE DATA SuGGEST CHANGES WITHIN 
24 Hours oF THE RENAL ABLATION 


GLUCOSE REDUCED 
UTILIZATION GLUTATHIONE 
TIME (ma./100 ML. P32 UPTAKE MG./100 ML. 

(HOURS R.B.C, (PER CENT R.B.C. ) 

0 53.0 34.3 42.7 
0 52.6 35.0 42.7 
0 51.6 37.9 44.( 
Av. 52.4 35.6 43.1 
s 50.0 31.9 43.7 
16 48.6 20.8 42.4 
24 47.1 20.4 36.7 


0 57.§ 26.8 41.1 

0 59. 40.6 
58.5 25.6 40.9 
55.: , 34. 
42.6 9.7 20. 
65.5 


67.6 


DISCUSSION 


Under conditions similar to those of the present experiments it has been 
demonstrated that the red blood cell volume is lowered, the serum bilirubin is 
elevated, the stool urobilinogen is increased, and the erythrocyte lifespan is 
shortened.' At autopsy such animals have shown erythrophagocytosis by 
reticuloendothelial cells of lymph nodes, spleen, and liver... Thus, the bio- 
chemical changes of the erythrocytes noted herein (lowered glucose utiliza- 
tion, lowered phosphate uptake, and lowered GSH content) oecur in the 
setting of a hemolytic state. The changes indicate rapidly developing altera- 
tions of the erythrocytes attendant on the renal ablation. 

Krom a theoretical view one would expect these biochemical changes to 
be related to the erythroeytie injury which determines the phagocytosis of 


red cells and thus their shortened lifespan. Since the shortened lifespan ap- 


pears to be mediated mainly by erythrophagocytosis, a surface or membrane 
alteration of the erythrocyte is indicated. 


SUMMARY 

ollowing bilateral nephrectomy of the dog, under conditions associated 
with a hemolytic state, the glucose utilization, phosphate uptake, and reduced 
glutathione content of erythrocytes are significantly lowered. These biochem- 
ical changes occur within a relatively short time following the renal ablation 
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and may be taken as an indication of a rapidly developing erythrocytic altera- 
tion. These biochemical changes may be related to the injury of the cell 
which leads to erythrophagocytosis and a shortened lifespan of the eryth- 


rocytes in this state. 


nan for assistance in the preparation of this material. 
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ZONE ELECTROPHORETIC STUDIES ON THE DISTRIBUTION OF 
THE L.E. FACTOR IN THE SERUM PROTEINS AND URINARY 
PROTEINS FROM PATIENTS WITH SYSTEMIC 
LUPUS ERYTHEMATOSUS 
L. A. Caritson, M.D., anp H. M6LLERBERG, M.D. 

STOCKHOLM, SWEDEN 


HE L.E. cell phenomenon was originally’ deseribed in bone marrow prep- 
ft ferottome: from patients with systemic lupus erythematosus (S.L.E.) The 
observation of Haserick and co-workers*®® that the L.E. cells could be induced 
in vitro by normal leukocytes in the presence of serum from the patient in- 
dicated that the phenomenon apparently was due to a pathological component 
in the serum of the patient. This so-called L.E. faetor which was shown to be 
nondialyzable and independent of complement was destroyed over 56° C. but 
could be kept in the icebox for months.’ 

As the S.L.E. patients usually have a considerably increased gamma 
globulin fraction in the serum it seemed plausible to assume a correlation be- 
tween the L.E. factor and the gamma globulins. Haserick, Lewis, and Bortz,° 
after separating serum proteins from S.L.E. patients in free electrophoresis, 
were able to induce the L.E. cell phenomenon with the gamma globulin but not 
with any other fraction. After fractionation of S.L.E. plasma with ammonium 
sulfate Lee, Michael, and Vural’ reported that the greatest number of L.E. 
cells was formed by the protein fractions with the highest gamma globulin 
content. 

As the recent development of the zone clectrophoresis technique allows a 


simple and more complete separation of the proteins than with the classical 


electrophoresis analysis it seemed worth while to reinvestigate the electrophoretic 


behavior of the L.E. factor in the S.L.E. serum. Being of great theoretical 
interest the urinary proteins from a S8.L.E. patient were also analyzed, which 


as far as we know have not been subjected to investigations of this type before. 


MATERIALS 


The serum for the analysis was taken from a 53-year-old woman with a systemic lupus 


erythematosus of long duration mainly involving the kidneys and the vascular system. 


Death was due to massive internal haemorrhages. The autopsy confirmed the diagnosis of 


S.L.E. Repeated L.E. cell tests were strongly positive. 


The urine for the analysis was obtained from a 32-year-old man with cutaneous 


manifestations of S.L.E,. for 7 years, The last 2 years he gradually developed a nephrotic 
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syndrome with massive proteinuria, hypoproteinemia, and edema. The condition was com 
plicated by a pleural effusion and ended subsequently with death in signs of renal insuf 
ficiency. The L.E. cell phenon enon could easily be induced by finger blood as well as with 
pleural fluid and untreated urine 

sefore the analysis 100 ml. of urine was dialyzed against running tap water for 24 
hours and then against 15 per cent high: vlecular dextran for another 24 hours to a final 


volume of about 4 ml. and a proteir seentration of about 3 Gm./100 ml. 


METHODS 


The Zone Electrophoresis The electrophoretic separation was carried out by zone 
electrophoresis in starch medium (Kunkel and Slater*) with the column technique elabo 
rated by Carlson® (1954 

Barbital buffer of pH 8.6 and ionie strength 0.1 was used. One milliliter of the sample 
was applied to a column which had an internal diameter of 20 mm. and was equipped with 
an external cooling mantle. The separation was performed at +4° C. for 20 hours with a 
current of 25 mA. After the electrophoresis the column was eluted with buffer. Eluates 
of 1.4 ml. were collected, 0.1 ml. portions of which were analyzed as to the protein content 
according to the modified Folin reaction (Lowry and associates!®). The remainder of 
the eluates were tested for the presence of the L.E. factor. The serum fractions 
were tested without previous concentration but the urinary proteins had to be dialyzed 
against running tap water for 24 hours and then against 15 per cent high molecular dextran 
for another 24 hours. The proteins were then dissolved in smallest possible volume of sa 
line. 

Estimation of the L.E. Factor—The eluates after zone electrophoresis were tested for 
the presence of the L.E. factor according to a method described by Snapper and Na 
than!!, 12 and modified by Mollerberg! 1956 

Three to four drops.of finger blood from a normal person were put on a thoroughly 
cleansed slide. The preparation was then incubated in a moist chamber (Petri dish, mois 
tened filter paper on the bottom, the slide on a pair of glass rods) for 60 min, at 37° C. 
The leukocytes will migrate through the coagulum on to the slide forming a layer under 
the blood drop. After the incubation the coagulum was carefully removed by gentle wash 
ing of the slide with a mixture of equal parts of saline and distilled water. Practically 
nothing but leukocytes were then left on the slide which was allowed to dry at 


room 
temperature, Three to four hours later a drop of the protein solution to be tested was put 
on the leukocyte layer of the slide, which was incubated in a moist chamber for 30 min. 
After discarding excess of the test solution, three to four drops of normal finger blood were 
put on the slide which once again was incubated in a moist chamber, this time for two hours. 
Living leukocytes will now migrate on to the slide and phagocyte the old leukocytes thus 
being able to form L.E. cells. The coagulum was removed as before. Fixation and dyeing 
of the preparation was made as for differential count of leukocytes. The whole slide which 
contained approximatively 3,000 leukocytes was examined under high magnification. The 
number of L.E. cells was counted. No attention was paid to so-called Tart cells as these 

ay be seen in normal preparations. The L.E. cells were not given in exact numbers which 
might give the estimation a false impression of accuracy but were roughly estimated as 


“oeeasional L.E. cells,” “several L.E. cells,” and “abundant L.E. cells.” 
RESULTS 


The electrophoretic patterns of the serum proteins and the urinary pro- 


teins are given in Figs. 1 and 2, respectively. The fast-moving component is 


to the left in the figures. The serum proteins show a decrease in the albumin 
fraction and an increased amount of heterogenous gamma globulins. The L.E. 


factor is found in the fractions corresponding to gamma globulins of slow 
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mobility. Essentially the same result is to be seen on the diagram of the uri- 


nary proteins although the L.E. factor here shows a slightly wider distribution 
among the gamma globulins. 


protein 
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Fig. 1 The localization of the L.E. factor in the zone electrophoretic pattern of the 
serum proteins from a case of systemic lupus erythematosus The albumin is to the left in 
the figure The L.E. factor is visualized by black bars the heights of which are approxi- 
matively proportional to the number of L.E. cells found in testing the corresponding fraction. 

Fig. 2.—The localization of the L.E. factor in the zone electrophoretic pattern of the 
urinary proteins from a case of systemic lupus erythematosus. For explanation, see Fig. 1. 

DISCUSSION 

The protein component responsible for the L.E. cell phenomenon has thus 
been loealized to the gamma globulin fraction of the S.L.E. serum which con- 
firms the earlier observations made by, among others, Haserick. The additional 
information gained in this investigation is, however, that the L.E. factor ap- 
pears to have a slower mobility than the mean mobility of the gamma globulins. 
This indicates that the ability to induce the L.E. cell phenomenon is not a 
common property of the gamma globulins in S.L.E. but is apparently confined 
to a specific protein component. A theoretical objection to this conclusion is 
that the L.E. factor might be evenly distributed among the gamma globulins 


but that the beta globulins overlapping the fast-moving part of the gamma 
globulins contain a specific inhibitor to the L.E. factor. It has, however, been 
found that the L.E. cell phenomenon is not inhibited in the presence of the 
beta globulins. 


As antibodies of different kinds belong to the gamma globulins it has been 
suggested that the L.E. factor should be an antibody. This theory is supported 
by experimental work'* ' but has also met with considerable criticism.’® In 
this connection it might be of interest to mention a few investigations of the 
electrophoretic behaviour of some antibodies. After continuous zone elec- 
trophoresis of acute phase protein, Hedlund and Brattsten'’ found that this 
antibody showed a fairly even distribution among the gamma globulins. The 
antibody to polio virus type I has recently** been loealized to the slow-moving 
gamma globulin fraction. 

The finding of the L.E. factor in the urinary proteins is in accordance with 
earlier observations.’* *° It is, however, notable that the L.E. factor even 
after passage through the kidneys has essentially the same electrophoretic 
distribution as in serum. 
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SUMMARY 


After zone electrophoretic separation of the serum proteins and urinary 


proteins from patients with systemic lupus erythematosus the L.E. factor was 
found to migrate as a gamma globulin of lower mobility than the mean mobil- 


ity of the gamma globulins. 
ADDENDUM 


Since this paper was prepared Ziff and collaborators in a personal communication have 


‘ported similar results as to the zone electrophoretic behaviour of the L.E. faetor. 
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THE EFFECT OF 5-HYDROXYTRYPTAMINE (SEROTONIN) ON THE 
RESPIRATION OF NONASTHMATIC AND ASTHMATIC SUBJECTS. I. 
A. L. Mrenueutson, M.D., W. HoLuANperR, M.D., ano F. C. Lowe.ui, M.D. 


Boston, Mass. 


OME descriptions of the clinical manifestations of the syndrome of malignant 
S carcinoid have included wheezing respiration as a common finding, and 
this has been ascribed to the liberation of 5-hydroxytryptamine by the tumor.’ 
In view of a possible bearing on the genesis of bronchial asthma and obstructive 
pulmonary disease, the following studies were undertaken to assess what effect, 
if any, administered 5-hydroxytrptamine might have on the respiration of nor- 


mal and asthmatic subjects. 


METHODS 


Twenty-two subjects without evident pulmonary disease, ranging in age from 22 


to 55 years, and 8 asthmatic patients ranging in age from 22 to 45 years, were studied. 
The asthmatic patients all had had severe bronchial asthma for 5 or more years, were 
skin sensitive to various allergens and were all being treated by injections of allergenic 
extracts at the time of these studies. 

The patients were placed in the horizontal position, lying comfortably. They were 
connected by means of a soft rubber mouth piece to a closed spirometric system with 
oxygen flowing into it so as to replace that taken up by the subject. Recordings were 
made simultaneously on two kymographs running at 60 em. per minute and at approxi 
mately 5 cm. per minute. Carbon dioxide was removed by means of a soda lime serubber. 
Continuous recordings of respiration were made before, during, and after injection of 
5-hydroxytrytamine (5-HT) in a dosage range from 0.5 to 1.5 mg., given directly and 
rapidly into an anticubital vein. 

Thirty such injections were made in 22 nonasthmatic subjects and 15 in 8 asthmatic 
patients, 


RESULTS 


Nonasthmati« Subjects.—A response was elicited in all subjects, the nature 
of which, however, could not be predicted. In 19 of the 22, rapid infusion of 


the drug resulted in an inerease in the rate and depth of respiration lasting 


from 20 to 40 seconds. A typical response is shown in Fig. 1, A. The respiratory 


effects were associated with numbness and tingling of the extremities, flushing 
of the face, a burning sensation in the throat, and an occasional crampy ab- 
dominal pain. 


In the remaining 3 nonasthmatie subjects, the response noted was that of 
sudden apnea followed by a short period of hyperpnea. Systemic sensations 
were no different from that noted in those with the hyperpnea alone. <A typical 
response is shown in Fig. 1, B,. 
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Asthmatic Patients—In 8 asthmatic patients, the respiratory effects and 


systemic sensations were no different than those in the nonasthmatie group 


except that all exhibited hyperpnea and tachypnea and apnea did not oceur. 
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maleate on the respiratory response to serotonin. 


Fig. 2.—Effect of pyrilamine 
There was no evident wheezing or any subjective or objective evidence of in- 
ereased bronchial obstruction, even with very marked systemic effects at the 


higher dosage range. A typical response is shown in Fig. 2, A. 
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Observations on the Mechanism of the Respiratory Effects of 5-Hydroxy- 
tryptamine.— 


1. Histamine and antihistaminic drugs: Page and MeCubbin concluded 


that in dogs and eats, injected 5-HT caused histamine release which mediated 


the initial fall in blood pressure.* Feldberg and Smith independently de- 


scribed histamine release by 5-HT in perfusion experiments.’ In view of 
this and in an effort to discover any similarity of respiratory action between 
5-HT and histamine, 0.05 mg. histamine base was given by intravenous 
injection to several nonasthmatie subjects. No change in respiration was 
noted, but there was headache, sweating, flushing of the face, and a fall in 
hlood pressure. Each subject easily distinguished these systemic effects from 
those caused by 5-HT. As previously noted by others,® intravenous histamine 
in asthmatie subjects causes severe bronchial obstruction and as this’ has been 
confirmed many times, it was not repeated in our study. 

Antihistaminie drugs were given intravenously in both the nonasthmatie 
and asthmatie groups and the effect of a subsequent injection of 5-HT ob- 
served. If any of the respiratory effects noted were due to histamine release, 
previous intravenous injection of an antihistaminie drug would be expected 
to diminish the response. A dose of 5-HT capable of producing a respiratory 
and systemic effect was given and the response noted. This was then fol- 
lowed by an intravenous dose of pyrilamine maleate (25 mg.). This drug 
was chosen because of all the drugs of this group, it is the one which possesses 
the least parasympatholytic activity.’ 

In no instance did the injection of pyrilamine maleate decrease the 
respiratory effects of 5-HT. On the other hand, in 11 of 12 instances, 
potentiation occurred as illustrated in Fig. 2, B. The antihistaminic drug 
itself produced no effect other than mild sedation and some decrease in both 
the rate and depth of respiration. 

The potentiation of the respiratory effect of 5-HT by intravenous pyrila- 
mine maleate may be analogous to the potentiation of the pressor effect of 
epinephrine by antihistaminie drugs described by Loew.* Both 5-HT and 
epinephrine are degraded by monamine oxidase, an enzyme present in high 
coneentration in the lung. Monamine oxidase has been shown to be in- 
hibited by many antihistaminie agents’ and since pyrilamine maleate po- 
tentiated the respiratory effect of intravenously injected 5-HT, the effect 
of this antihistaminie drug on monamine oxidase and a resulting suppression 
of the destruction of 5-HT would explain tne results obtained. But since 
histamine is not degraded by monamine oxidase, our studies therefore sug- 
gest that histamine release is not responsible for the respiratory effect of 
intravenously injected 5-HT. 

2. Anticholinergic drugs: To determine whether the respiratory effects 
noted were of central origm or were mediated through vagal fibres, atropine 
in doses of 1.2 mg. were given intravenously to several normal subjects. As 
illustrated in Fig. 3, the respiratory effect of 5-HT was not abolished, al- 
though it was somewhat altered. This result appears to be in keeping with 
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that obtained by Douglas and Toh"! who performed vagotomies in animal 
studies. However, despite the lack of complete reproduction of the 5-HT 
effect after atropine, the systemic complaints and the subjective effects wer 


not altered in any degree. 
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Six patients with hypertensive cardiovascular disease who were receiving 
large doses of hexamethonium chloride were studied. Four patients with 
hypertensive cardiovascular disease were given hexamethonium chloride 
intravenously in doses producing a prompt lowering of the blood pressure. 
5-Hydroxytryptamine was given intravenously to both groups at a_ time 
when the hexamethonium chloride was active in lowering the blood pressure. 
Again no significant interference by hexamethonium with the respiratory 
effects of 5-HT was evident. 

Phentolamine (Regitine) and chlorpromazine in 5 mg. and 25 mg. 
doses given intravenously were likewise ineffective in preventing the respira 
tory response. 

3. Benzyl analogue of 5-HT: This drug, 1-benzyl, 2,5-dimethy! serotonin 

BAS), has been shown to block the blood pressure response to 5-HT in 
both animals and man. No effect from BAS itself was noted.' 

Seven normal and 7 asthmatie patients were premedicated in the re- 
cumbent position with 50 to 150 mg. of BAS given intravenously without 
producing subjective sensations. Partial to complete inhibition of the respira- 
tory effects of intravenously injected 5-HT occurred in each instance and 
the systemic side effects were also strikingly inhibited. Fig. 4 illustrates 
complete inhibition. This could be overcome either by increasing the dose 
of 5-HT or by decreasing the dose of BAS. 
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Our studies with atropine, hexamethonium, and pyrilamine maleate 
would appear to confirm those of Heymans,'* who concluded that the respira- 
tory effect in animals was due to stimulation of the central nervous system 


rather than action on peripheral nerves as suggested by Douglas and Toh." 
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DISCUSSION 

Our studies indicate that 5-hydroxytryptamine (5-HT) injected intra- 
venously produces consistent respiratory effects which are probably the same 
in both normal and asthmatic subjects. The respiratory effects are usually 
stimulatory but sometimes inhibitory depending on the individual studied 
Bronchial obstruction was not induced, an unexpected finding in view of 
studies in guinea pigs'® and the occurrence of wheezing in certain patients 
suffering from malignant careinoid.' Whether these patients had under- 
lying obstructive pulmonary disease with intensification of symptoms second 
ary to the serotonin effect, is unknown. However, studies to be deseribed in 
a subsequent article, showed that aerosolized 5-HT given to asthmatic sub- 
jects produced a prompt fall in vital capacity and decrease in expiratory 
flow rate."® One may speculate that the doses of 5-HT used here, even 
though they evoked an intense physiologic response, may be less than the 
amounts reaching the lung in certain ¢linieal states. Possibly higher dosage 
of 5-HT reaching the lung by way of the cireulation might provoke bronchial 
obstruction. Our studies thus far, indicate that in its effect on respiration, 
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5-HT given by intravenous injection, acts on specific receptor sites in both 


normal and asthmatie subjects. BAS (anti-serotonin) presumably acts by 
competing with 5-HT for these specific receptors." 


SUMMARY 

1. The effect of intravenously injected 5-hydroxytryptamine (serotonin) 
on respiration in 22 nonasthmatie and in 8 asthmatie subjects was studied. 
Hyperpnea and tachypnea was noted on 27 occasions and in 3 normal sub- 
jects transient apnea occurred, followed by hyperpnea. 


2. The respiratory response was potentiated by pyrilamine maleate given 
intravenously. 

3. The respiratory effect was unaltered after anticholinergic drugs, gang- 
lionie, and adrenegie blockade but was inhibited by the benzyl analogue 
of 5-hydroxytryptamine. 

t. The available evidence in man suggests that the respiratory effect of 
intravenously injected 5-hydroxytryptamine is mediated through action on 
specific receptors. 
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THE ELASTIC PROPERTIES OF THE LUNGS IN THE AGED 
Joun A. Prerce, M.D., AaNp RicHarp V. Expert, M.D. 
LittLE Rock, ARK. 


HANGES in the lung compartments are known to occur with aging. The 

vital capacity diminishes while the residual volume enlarges. Pulmonary 
ventilation at rest is not greatly altered and normal amounts of oxygen and 
carbon dioxide are found on analysis of arterial blood. Maximum ventilation 
is compromised, but tolerance for ordinary exercise is preserved.’ Individual 
studies have demonstrated a diminished pulmonary diffusing capacity? and 
an uneven distribution of inspired gas. 

Measurements of the elastic properties of the lungs and the mechanics of 
pulmonary ventilation have not previously been reported. They are essential 
for an improved understanding of the physiology of aging, and may also be of 
clinical importance. It is the purpose here to present such measurements on a 
group of elderly subjects. 

SUBJECTS 

It was considered essential to obtain a random selection of subjects. A relationship 
between the occurrence of prostatic hypertrophy and diseases of the lungs is not known. 
Thus, all white men admitted to the hospital for prostatic resection during the period July 
15, 1956, to November 15, 1956, were studied. It was required only that they be 65 years 
or older, The attending surgeon controlled admissions without altering his routine policies 
for providing patient care. Four of 19 such subjects are not included since they failed to 
complete all procedures. The reasons are: one died, one was psychotic and disoriented, 
and two refused to cooperate fully. The study group is consecutive except for these un 
avoidable lapses. Healthy young individuals served as a control group for the compliance 
measurements. They were interns and medical students whose ages ranged from 20 to 27 
vears., 

None of the study group subjects had pulmonary symptoms as major complaints. Two 


subjects (5 and 8)* had a mild chronic cough and produced small amounts of sputum. One 


subject (12) had dyspnea on exertion which he considered significant, while 5 other subjects 


2, 3, 5, 9, and 10) who reported this symptom did not believe it was abnormal in amount. 
Two subjects (8 and 13) had had asthma in the past, but neither had experienced an asthmatic 
attack for more than one year prior to study. 

Two subjects (11 and 12) had a typical barrel chest deformity. Seven (1, 9, 10, 12, 
13, and 14) exhibited hyperresonance to percussion of the chest. Auseultation did not re 


veal a significant number of rales in any subject. 


METHODS 


All spirometrie measurements and residual volume determinations were performed 


with the patient sitting upright. Gas volumes were corrected to 37° C. saturated with 
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water vapor. Residual volume measurements were by the method of Darling and co-work 
ers.t The expiratory reserve volume was measured immediately prior to each determina 
tion to eliminate the effect of variation in the level of pulmonary mid-capacity. The aver- 
ige differences in duplicate nitrogen analyses were 0.02 and 0.04 vol. per cent for the 
gasometer and alveolar air samples, respectively. Duplicate residual volume determinations 
he 15 subjects agreed to an average of 91 ml. or 3.2 per cent. Determinations perforn ed 
m normal individuals and patients with congestive heart failure during the study period 
served as a constant check on the accuracy of the procedure. Maximum breathing capacity 
was determined with a 15-second effort. Gas collected in a neoprene balloon through a low 
resistance valve was measured in a Tissot gasometer. 
Arterial blood was obtained anaerobically with the subject at rest in the supine posi 
Analvses for carbon dioxide and oxygen content were by the method of Van Slyke 
Neill. The average difference in duplicate analyses was 0.05 vol. per cent for oxygen. 
globin oxygen capacity was determined with the Sendroy chamber equilibration 


method. Duplicate checks averaged 0.11 vol. per cent. Hemoglobin saturation was cal 


t 
culated by subtraet ng dissolved oxvgen 0.3 vol per eent from the content, and dividing 
by the capacity. It has been multiplied by 100 for expression as per cent. Blood pH was 
measured anaerobically at room temperature with a glass electrode in a Beckman model 
Gs pH meter. Correction for temperature was made.? The nomogram of Singer and Hast 
ate pe q) 

compliance was measured by the intraesophageal balloon technique 

Fry, and Ebert. Pulmonary mid-eapacity was determined directly 

he spirometer tracing of the compliance study in every instance. Mean compliance 

were plotted by averaging several determinations for each point. Tangents to the 
various levels of lung inflation yielded the final measure of compliance. Fune 

ance in the first 4 subjeets, was recorded in a manner similar to that described 

Whittenberger from the face of a cathode ray tube. Instead of using a 

ons, however, “ oops” were traced directly on a plastie screen, Functional 

iance in all other subjeets was obtained using a Sanborn Twin-Viso recorder. The 

neumotachograph was calibrated during each procedure, Its tracing was integrated for 
by counting squares. Measurements of airway resistance were performed at pul 


id-capacity, by the method of Fry, Ebert, Stead, and Brown." 


PHYSICAL CHARACTERISTICS AND PULMONARY FUNCTION STUDIES 
OF AGED SUBJECTS 
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RESULTS 


Individual values are shown in Tables I and II. 


quency distribution of the routine physiologic studies. 
averaged 6.6 L. 


Fig. 1 presents the fre- 
The total lung capacity 
The mean functional residual capacity was 4.6 L. The concen- 


tration of nitrogen remaining in alveolar air at the end of 7 minutes oxygen 


TABLE II. PULMONARY COMPLIANCI 


A GROUP 


AND AIRWAY RESISTANCE MEASUREMENTS 
OF AGED SUBJECTS 


IN 


COMPLIANCE 
RAPID RATE 
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H,O) L./CM. H.O 


COMPLIANCE 
STATI 
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COMPLIANCE 
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LINEAR 
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Fig. 1.—Frequency distribution of pulmonary function studies in aged subjects. 


breathing was less than 2.5 per cent in 12 of the 15 subjects. The mean vital 


capacity was 3.6 L. The average ratio of residual volume to total lung capacity 
was 45.1 per cent. The maximum breathing capacity varied from 24 to 118 L. 


per minute, the mean being 60 L. per minute. These values are in agreement 
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with means reported in the literature for healthy aged subjects.* *° The fune 
tional residual capacity and the ratio of residual volume to total lung capacity 
are greater in aged individuals than in young persons. 

Fig. 2 compares the pressure volume diagram of the lungs of a subject in 
the aged group with a healthy young person. The total lung capacities are 
eomparable. The aged subject has a larger residual volume and functional 
residual capacity than the young individual. 
curve is shifted to the left in the aged subject reflecting less negative intra 
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ompared to a 


Table ILL shows the variation in compliance encountered over the range 
one liter on either side of pulmonary mid-eapacity. The marked change seen 


in the study group contrasts sharply with the constant values observed in the 


ABLE IIT. CoMPARISON OF MEAN VALUES FOR STATIC COMPLIANCE BETWEEN AGED 
SUBJECTS AND HEALTHY YOUNG INDIVIDUALS* 


STATIC COMPLIANCE 
SUBJECTS NORMALS 
COMPLIANCI 
L./CM. H,0 
0.239 
0.250 
0.245 
0.238 
0.239 


COMPLIANCE 

NO, L./CM. H,0) 
4 0.185 
5 0.246 


2 above ] 
l 
15 0.350 
] 
l 


0.5 above 


Mid-eapacity 
0.5 below 5 0.455 
1 L. below 0 0.625 

Compliance n this table is the reciprocal of the me elastance It differs slightly 
rom the true mean compliance (shown in Table IT) 
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young control group. This may be better illustrated in Fig. 3 where the cur- 
vilinear nature of the pressure volume diagram obtained in the aged subjects 
is readily apparent. 


O NORMALS 
@ STUDY SUBJECTS 


a | 
IL OSL MID OSL IL 


above above below below 
capacity 








‘ Fig. 3 Mean static compliance in aged study subjects and normal young individuals 
The aged group is represented by the black dots. These points correspond to the figures shown 
n Table IIT. 
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Fig. 4.—Frequency distribution of static and resting functionai compliance measurements. 
The present group of aged subjects is shown in the left hand figures The right hand figures 


represent healthy young individuals from the present study and collected from the literature 
See Stead and associates,” Mead and associates,” and Cherniack. 


Fig. 4 compares the frequency distribution of the compliance measure- 
ments at the functional residual capacity in the present study group with 
healthy young subjects measured in this laboratory and collected from the 
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literature.” '* '* The statie compliance of the aged subjects ranges from 0.21 
to 0.67 L. per em. H,O, with a mean of 0.384. The young subjects range from 
0.12 to 0.33 L. per em. H.O, with a mean of 0.233. A mean static compliance 
of 0.19 L. per em. H.O was found in a recent study of 38 normal young men.’° 
The resting functional compliance of 13 of the 15 aged subjects lies between the 
levels of 0.1 and 0.3 L. per em. H,O where all of the young subjects are located. 
Thus a difference exists between the groups in static compliance, but not’ in 
resting functional compliance. 
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Fig. 5 Frequency distribution of airway resistance measurements. The 15 aged subjects 
ire depicted in the left hand figures. The right hand figures are compiled from the data 
of Fry and co-workers" and Cherniack™ for healthy young subjects. 

Airway resistance measurements in the aged subjects are compared to 
healthy young subjects collected from the literature’ ** in the frequency dis- 
tribution curves shown in Fig. 5. The peak incidence of the linear coefficient 
occurs between 1.0 and 2.0 in each group. The range 0 to 1.5 which contains 
all of the values for quadratie coefficient in the young group, is seen to contain 
13 of the 15 aged subjects. It is apparent here that two aged individuals differ 
markedly from the remainder of the group. These subjects may belong to a 
different population group and may have obstructive pulmonary emphysema. 
In general, there is no significant difference in the airway resistance of the 
aged subjects as compared to healthy young individuals. 


DISCUSSION 

A characteristic finding in aged individuals as compared with normal 
young persons is an inerease in residual volume and functional residual eapac- 
ity, and a decrease in vital capacity. It seems logical that these changes in the 
lung compartments result from a change in the elastic properties of the lungs 
with aging. Evidence favoring this hypothesis was obtained in the present 
study where marked changes in the elastic properties of the lungs of the aged 
individuals were found. 





— mde ELASTIC PROPERTIES OF LUNGS IN AGED 69 

The intrathoracic pressure was less negative in the aged than in the young 
normal subjects at any given level of lung inflation. This ean only result from 
an alteration in the elastic properties of the lungs. Whether this change is due 
to a reduction in the number of elastic fibers, alterations of the elastic prop- 
erties of existing fibers, or a combination of these factors has not yet been 
determined. A striking feature of the pressure volume diagram in the aged 
subjects is its curvilinear form. The reason for this contour is not clear, but a 
similar type of curve may be observed in patients with pulmonary emphysema. 
This differs from the relatively linear diagram found in healthy young sub- 
jects (see Fig. 3). 

Functional compliance is determined by simultaneously registering changes 
in pulmonary volume and intrathoracic pressure during continuous breathing. 
The assumption is made that the pressure recorded at the instant of zero air 
flow relates only to the elastic properties of the system. Several observers” * 
have reported close agreement between resting functional and statie compli- 
ance measurements in healthy young subjects. Moreover, functional compli- 
ance in these subjects is not altered by marked changes in the rate of breath- 
ing. Otis and associates’® have demonstrated that multiple air pathways with 
equal time constants (resistance times compliance equals time constant) should 
behave in this manner. 

Marked discrepancy occurred in the measurements of functional and static 
compliance in the present group of aged subjects. This suggests that the com- 
plianee of various portions of the aged lung may not be the same, and hence 
the time constants for different pathways may vary. If this were true, there 
would be a phase lag between the various respiratory units.’® In the presence 
of such a phase lag, the initial assumption of static conditions at the point of 
zero flow in the trachea is invalid. Air may be moving into some alveoli and 
out of others. Under these circumstances, the concept of functional compli- 
ance becomes meaningless. 

The majority of the aged subjects were found to have normal airway re- 
sistance in contrast to patients with obstructive pulmonary emphysema in 
whom the resistance is regularly increased. It should be pointed out that the 
maximum rate of expiratory air flow is influenced by the elastic properties of 
the lungs."! The less negative intrathoracic pressure found in aged individuals 
results in a decrease in the maximum rate of air flow as compared with young 
persons because of the check valve mechanism described by Dayman.*' 

The validity of the measurements of compliance and resistance rests on 
the accuracy of the intraesophageal pressure measurement as an index of intra- 
thoracic pressure. Comparisons of intrapleural and intraesophageal pressure 
would indicate that intraesophageal pressure can be used as a valid measure 
of change in intrathoracic pressure.'®* The absolute measurements of intra- 


esophageal and intrapleural pressures differ somewhat, intraesophageal pres- 
sure tending to be more positive. In spite of this, it seems likely that very 
little error will occur when the means of large groups of individuals are com- 
pared. 
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It is of interest that the changes in the lung compartments and over-all 
elastic properties of the lung are similar in aged individuals and patients with 
emphysema. The difference between these two groups lies in the increased 
resistance to air flow and the abnormal distribution of inspired gas in emphy- 


sema. Even here, the distinction is somewhat arbitrary. One elderly subject 


was found to have abnormalities in both airway resistance and alveolar nitro- 
gen concentration after breathing oxygen for 7 minutes. One other sub- 
ject had only abnormal airway resistance while two others had only ab- 
normal alveolar nitrogen concentrations after breathing oxygen. Studies 
with a technique more sensitive than the one used here, have revealed slight 
abnormalities in the distribution of inspired gas in a majority of healthy aged 
males.° While these changes were not of the magnitude usually seen in emphy 
sema, they were quite definite. It is apparent that although clear-cut differ 
ences exist between groups of individuals, it may be extremely difficult in any 
given aged individual to differentiate emphysema with certainty. None of the 
present physiologic measures permits the categorical diagnosis of emphysema 
in every instance. 


SUMMARY 


1. Physiologie studies commonly employed to evaluate pulmonary fune 
tion were performed in 15 unselected white men over 65 years of age. Com- 
plianee of the lung and airway resistance were also measured. 

2. An increased residual volume, an increased functional residual capacity 
and a decreased vital capacity were demonstrated in the aged subjects as com- 
pared to healthy young individuals. 

3. Marked changes were found in the over-all elastic properties of the 
lungs of the aged subjects. The statie intrathoracic pressure was less nega- 
tive for any given level of lung inflation and the pressure volume diagram was 
curvilinear. 

4. Measurements of airway resistance were normal in the majority of the 
aged subjects. This finding sharply differentiates these subjects from patients 
with obstructive pulmonary emphysema. 

». It is suggested that aging produces a primary change in the elastic 
properties of the lungs which is accompanied by marked alteration of the pres 
sure volume diagram of the lungs and increase in the residual volume. The 


vital capacity is compromised as a result of these changes. 


We wish to express gratitude for the valuable help of Mr. Joe Bill Hocott. 
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CARDIAC OUTPUT AND RELATED MEASUREMENTS AND PRESSURE 
VALUES IN THE RIGHT HEART AND ASSOCIATED VESSELS, 
TOGETHER WITH AN ANALYSIS OF THE HEMODYNAMIC 
RESPONSE TO THE INHALATION OF HIGH OXYGEN 
MIXTURES IN HEALTHY SUBJECTS 
Brian G. Barrart-Boyes, M.B., Cu.B.,* anp Eart H. Woop, M.D., Pu.D.** 
RocHESTER, MINN. 


INCE the introduction of the technique of cardiac catheterization in man 
S for the measurement of right heart pressures and the ealeulation of cardiac 
output by the Fick principle,’ various reports have appeared in the literature 
defining the normal range of pressures in the right heart, pulmonary vessels, 
and great veins.2** The number of subjects used for study has, however, been 
small in most cases and the data frequently have been incomplete. It is the 
purpose of the present communication to present a detailed analysis of pressures 
in the various right heart chambers and great vessels together with caleulations 
of eardiae output, vascular resistances and related data in an adequate series 
of healthy ambulatory subjects. In addition the effects of inhalation of high 
oxygen mixtures will be analyzed. The blood oxygen saturation values in the 
right heart and great vessels in these same subjects will be reported separately."* 


During the present procedure 12 subjects were exercised in the supine position. 
The data obtained in this connection will also be reported separately.’ The 
subject numbers used in all three publications are identical. 


MATERIAL AND METHODS 


Of the 26 normal subjects 15 were healthy male physicians, aged 27 to 42 years, and 
the remaining 11 (3 female, 8 male, aged 13 to 44 years) were patients who had cardiac 
catheterization performed to exclude cardiac abnormalities (Table I). The physicians were 
volunteers considered clinically to have completely normal cardiovascular systems, so that in 
3 of these subjects no attempt was made to pass the catheter into the pulmonary artery or 
pulmonary artery wedge position or to obtain complete flow data with the subject breathing 
room air. In all 26 subjects multiple dye-dilution curves were recorded!6 following the 
injection of Evans blue dye at various central sites17 and found to be normal. Subject 7 was 
excluded from Tables II through IX because the zero level for pressure measurements was 
unsatisfactory. This subject has, however, been included in the report analyzing blood 
oxygen saturation values. 

Cardiac catheterization was performed according to the method of Cournand and Ranges! 
as modified by Wood.15,19 The subjects had a light breakfast and received 0.5 grain of 
codeine and 1.5 grains of seconal 15 to 30 minutes before the procedure commenced. They 


lay supine with the table horizontal. Room temperature was kept constant at 72° F. The 
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oral temperature was normal in all subjects. In all except Subjects 1, 5, and 24, a No. 6 
Cournand-type catheter with a bird’s-eye tip was inserted by needle introduced percutane- 
ously! into a right antecubital vein and advanced into the heart under fluoroscopic control. 
A No. 5 catheter was used in Subjects 1 and 24 and a No. 7 catheter in Subject 5. No 
difficulty was encountered in advancing the catheter tip into the pulmonary artery or pul- 
monary artery wedge position when this was attempted, but in four cases the inferior vena 
cava was not entered. 

Pressures were recorded from the venous catheter at a sensitivity of 2 mm. deflection 
per millimeter of mercury, and from a needle indwelling in the right radial artery, by 
strain-gauge manometers2°, 21 suitably damped.19, 22. Oxygen saturations were measured 
intermittently by whole blood cuvette oximeters23 attached by three-way stopcocks to the 
venous catheter and arterial needle and continuously by earpiece oximeters24 attached to one 
or both ears. The catheter-cuvette system was intermittently flushed clear of blood by means 
of a wash bottle containing 0.9 per cent sodium chloride solution with 20 mg. of sodium 
heparin per liter at a pressure of 200 to 300 mm. Hg. Heart rate was recorded by an 
instantaneous cardiotachometer,25 and the respirations were recorded by a thermocouple 
attached inside a plastic mould placed over the subject’s nose and mouth. When using a 
mouthpiece (that is, during the oxygen-uptake studies and while the subject was breathing 
oxygen) respirations were recorded by measurement of the pressure changes within the 
mouthpiece using a sensitive strain-gauge manometer.18 The electrocardiogram, recorded 
from transverse chest leads, was made continuously visible to the operator (together with 
the venous pulse contour) by the use of twin cathode-ray tubes with long-persistence screens.19 
In this way cardiac irregularities were immediately detectable. Intrapleural pressures were 
not measured. A continuous record of these physiologic variables was obtained at paper 
speeds of 1.2% 5 mm. per second, throughout the procedure by a photo-oscillographic 
assembly described elsewhere.18 A second camera was used for simultaneous recordings at 
paper speeds of 25 or 150 mm. per second at intervals during the procedure. 

Repeated measurements of maximal and minimal (systolic and diastolic) pressures were 
made from the pressure tracings of antecubital vein (ACV), superior vena cava (SVC), 
inferior vena cava (IVC), right ventricle (RV), pulmonary artery (PA), pulmonary artery 
wedge positions, and systemic (radial) artery over a minimum of two complete respiratory 
cycles and were averaged for inspiration and expiration. The average of the inspiration 
and expiratiyn values was taken as the over-all average maximal or minimal pressure. l- 
though not # true average, the respiratory phases being unequal, this pressure was considered 
satisfactory For present purposes. All pressure pulses were measured by the one observer 
to eliminate as far as possible varying interpretations of the motion artifact26 present in 
the different tracings, particularly those from the RV and PA. 

Right ventricular diastolic pressures were measured at two points (Fig. 1) called 
initial diastolic (RV,4,), corresponding to the sharp downswing on the pulse tracing in early 
diastole following opening of the tricuspid valve, and end diastolic (RV,,), the point prior 


t« 


) the upswing of systolic pressure. The pulse pressure was the difference between the end 


diastolic and maximal systolic pressures. The pulmonary artery wedge maximal pressure in 


these subjects was usually the ‘‘v’’ wave, the minimal pressure being taken as the lowest 
point of the tracing (Fig. 1). The methods used in measuring the remaining pulse contours 
are also shown in Fig. 1. Mean pressures were obtained by planimetric integration of 
the area below the pulse wave over two complete respiratory cycles. 

The reference point for all pressures was taken as midway between the sternal end of 
the third intercostal space and the back (or table top) and has been called ‘‘mid-chest’’ 
level. Repeated pressure calibrations were made throughout the procedure and at its 
conclusion, a mercury manometer being used as the standard of reference. At the termina- 
tion of the procedure the mid-chest level was checked by taking the midpoint between the 
pressure tracings obtained with the saline-filled catheter tip placed first on the third anterior 
intercostal space at the sternum and secondly at table-top level. 

With the subject at rest breathing room air, oxygen-uptake studies were performed 
by the collection of expired air, using a mouthpiece and nose clip, in a Tissot spirometer 
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over a 4- to 7-minute period (average 6 minutes). The sample was analyzed for oxygen 
and carbon dioxide content in the Haldane apparatus. During the middle of the oxygen 
uptake studies, simultaneous blood samples were collected from the pulmonary artery and 
radial artery and analyzed within 30 minutes for oxygen content by the method of Van 
Slvke and Neill. Oxygen capacity was obtained after equilibration by the method of 
Sendroy?8 as modified by Roughton and associates.29 Midway during withdrawal of the 
blood samples for manometric analysis flow was stopped while a recording, at a paper speed 


of 150 mm. per second, was made of pressures in the radial and pulmonary arteries. 
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Fig 1 Pulse contours at various sites (Subject 26) recorded at a paper speed of 
25 mm. per second The points at which maximal and minimal pressures were measured are 
shown for each pulse contour. Right atrial maximal pressure was usually the “a wave 
Right ventricular diastolic pressure was measured at two points (d; and d:) The pulmonary 
irtery wedge maximal pressure was usually the “‘v”’ wave 


In all subjects, except Number 25, oxygen was administered throughout the latter part 
of the procedure by a closed-circuit spirometer system with an approximate capacity of 80 


liters, using a mouthpiece and nose clip. The system was filled with 100 per cent oxygen 


which, after equilibration with the respiratory gases, resulted in a mixture of approximately 


95 per cent oxygen and 5 per cent nitrogen. The duration of oxygen administration averaged 
78 minutes and ranged from 39 to 208 minutes, Recordings of the pressure pulses from the 
radial and pulmonary arteries were made at a paper speed of 25 mm. per second, immediatel 
before the subject commenced breathing oxygen and again 3 to 5 minutes later, the catheter 
position remaining constant during this interval. From 6 to 33 (average 16) minutes after 
administration of oxygen had been begun, blood samples were withdrawn simultaneousl) 
from these vessels for Van Slyke analysis. The average slope of the curve of oxygen 
consumption was measured over an 8-minute period centered on the time during which the 


blood samples were withdrawn simultaneously from the radial and pulmonary arteries. 
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The following calculations were made while the subjects were breathing air and 
oxygen” 


Vo 
~ 2 9 — “AP=-/O)\ v 229 
1. Q - — ° =. Rs = (60F yy Q) 1.332, 
CaO, CyO, 
» . r 2o6 . 299 
3. Ry 60P5 Q) x 1.332, +. Roa [60(P5 ~w)/Q] x 1.332. 

*Q - cardiac output (liters/minute); Vo oxygen consumption (milliliters/minute 
STPD) C4Or oxygen content of systemic arterial blood (milliliters/liter) ; CVO: oxygen 
content of mixed venous blood from the pulmonary artery or right ventricular outflow tract 
(milliliters/liter) Rx “total” systemic vascular resistance (dynes:seconds‘;cm*); Rp 
“total” pulmonary vascular resistance (dynes-seconds:cm.*); Ropa pulmonary “arteriolar” 


vascular resistance (dynes-seconds:cm.,-*) ; PS 


systemic (radial) artery mean pressure (mm. 
He); Pp pulmonary artery mean pressure (mm. Hg); PW pulmonary artery wedge mean 
pressure (mm. Hg) PS and Pp were measured midway during withdrawal of the blood 


samples for Van Slyke analysis or within a few moments of the latter 
as close as possible to the withdrawal of the blood samples, the interval 
30 minutes 


PW was measured 
varying from 5 to 


RESULTS 

Cardiac Output and Related Measurements.—The data concerning cardiac 
output and vaseular resistances in these 26 subjects while breathing air are 
detailed in Table I, together with other related measurements. Chest thickness 
is included to make possible comparison of the pressure data with other series 
in which different zero reference levels have been selected. The mean metabolic 
rate of +4 per cent was within the normal basal range. The mean respiratory 
quotient of 0.82 suggested that the subjects were in a steady state, although 
there were abnormalities in both these values in Subjects 4 and 16. Because 
the cardiae output in Subject 4 was far in excess of all other subjects (cardiac 
index 6.3 L./min./M.*), the data concerning flow and resistance in this subject 
have been excluded from the caleulations of means and standard deviations. 
The oxygen capacity of blood was normal in all cases with a mean of 19.7 volume 
per cent. Oxygen consumption averaged 143 ¢.c./min./M.*, which compares 
well with other estimates on normal subjects.* The mean cardiac index equaled 
3.5 L./min./M.* (range 2.5 to 5.3) and the stroke index 46 ¢.¢./beat/M.* (range 


37 to 63). The corresponding values for eardiae output and stroke volume were 
6.6 L./min. (4.4 to 8.9) and 96.3 e.e./beat (63.1 to 122.0). respectively. These 
figures are comparable to those given by others.” * * The ‘‘total’’ pulmonary 


resistance of 205 dynessecondsem.° was approximately one-sixth the total 


systemic resistance of 1,130 dynes:secondsem.> The pulmonary ‘‘arteriolar’’ 
resistance averaged 67 dynes:seconds‘em.® The range of resistance values was 
wide. 


Pressures at Various Sites—The average maximal, minimal, and mean 
pressures in individual subjeets, expressed in millimeters of mereury, are 
listed in Table If and the average pulse pressures for all subjects in Table IIT. 
The several measurements of these pressures made throughout the procedure 
at each site were averaged for each subject to give a representative figure for 
pressure values during a cardiae catheterization procedure, the average pres- 
sures for all subjects and the standard deviations in both tables being caleulated 
from these values. The ranges of pressure, however, are the ranges of individual 
measurements. 
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TABLE I. Carprac OuTpuT AND RELATED MEASUREMENTS 


| 
SURFACE CHEST METABOLK RESPIRA 0. 
WEIGHT AREA THICKNESS RATE TORY CAPACITY 
SUBJECT | (YR.) (LB. ) (M.2) (CM.) ( QUOTIENT | (VOL. % 
1.69 16 j 0.89 17.7 
1 16.: +6 0.82 90.3 
| 17. . 0.86 19.1 
1.7$ 20. ‘ 0.61} 20. 
1.7% 17.: + 0.79 21. 
l : 0.82 19.5 
1 18, 
] 
l 


1.7! 


i= 
—_ 


216 
224 


= i , 20 
24 a 5s 16 
25$ t§ " 7 2. 91.5 


26 ; 17.5 i 82 18 


Mean 2 7 p 19.7 + 82 19, 
8S. D. 3 2: 17 +2.4 +S.: +1. 
*Calculated vascular resistances Rs “total 
sistance; Rpa Pulmonary “arteriolar” resistance. systemic resistance tp ot: pulmonary re 
‘Values while breathing oxygen. 
tValues excluded from calculation of mean and s.d See text. 
$Male physicians 


A slight elevation of systolic and mean systemie arterial pressures can be 
expected in those subjects who were not in a basal state.** None of the subjects 


were considered clinically to be hypertensive; the systolic pressures as recorded 


by intra-arterial needle were appreciably higher than those given by sphyg- 


momanometer cuff. The average and range of values for systemic pressure in 
millimeters of mereury were: systolic 135 (106 to 164), diastolic 71 (58 to 86), 
mean 91 (75 to 110), and pulse pressure 64 (44 to 90). 

Antecubital vein pressure was recorded once only at the beginning of the 
procedure in most eases. A small pulse was recognizable in all but one ease, 
the pulse pressure varying from 0 to 3 with an average of 2mm. Hg. Expressed 
as centimeters of water, the mean antecubital vein pressure equaled 11 with a 
range of 5 to 18. 

In no ease was a negative mean pressure recorded in the right atrium. A 
negative minimal pressure was recorded in two subjects only. The average and 
range of values for right atrial pressures in millimeters of mereury were: 
maximum 9 (3 to 14), minimum 4 (-1 to 8), mean 6 (2 to 10), and pulse 


pressure 5 (2 to 9). 
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The right ventricular pressure values were as follows: systolic 27 (range 16 


to 36), initial diastolic 4 (range —2 to 9), end diastolie 10 (range 3 to 15), and 


pulse pressure 17 (range 12 to 24). The pressure difference between the 
initial and end diastolie levels averaged 5.5 (range 3 to 8 Examination of 
serial recordings of right ventricular pressure showed the initial recording of 
systolie pressure to be significantly higher than later recordings in those subjects 
in whom the catheter was passed immediately into the right ventricle at the 
start of the catheterization procedure. The diastolic pressure was not affected. 
This initial elevation of systolic pressure was presumably due mainly to the 
patient’s early anxiety, which was aggravated by the ectopie beats often 
encountered when the catheter tip entered the ventricle. As the examination 
progressed, the subject became more relaxed. The average and range of right 
ventricular systolic pressure, excluding these initial recordings, were 25 (16 
to 31) and the pulse pressure 16 (12 to 24). 

The average values for the pulmonary artery pressure combined 16 subjects 
in whom the eatheter lay in the main pulmonary artery and 8 with the tip in 
the proximal portion of the right or left pulmonary artery. Because of 
artifact from movement of the catheter, these tracings were difficult to measure 
accurately. 


The pressure values in the lesser circulation were approximately 


one-sixth the systemie and averaged 22 systolic (range 13 to 30), 12 diastolic 
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TaBLe IIT. Average PuLse Pressure at Various Sires WHILE BREATHING AIR (MM. Hg) 


ANTECUBITAI RIGHT RIGHT PULMONARY RADIAL 
VEIN ATRIUM * VENTRICLE} ARTERY ¢ WEDGE ARTERY 
No. subjects 17 24 23 24 19 25 
Average pulse 
pressure 2 5 17 10 6 64 
Range 0 to 3 2to 9 12 to 24 6 to 13 3 to 10 44 to 90 
Standard 
deviation + 0.7 +1.9 3.6 +1.9 +1.9 + 12.4 


*Superior vena cava substituted for right atrium in one subject 
+Pulse pressure measured between end diastolic and systolic levels. 


tIncludes 16 subjects with catheter in main pulmonary artery and 8 with catheter in a 
proximal right or left pulmonary artery. 


(range 6 to 17), and 1 


7 mean (range 10 to 22). The pulse pressure averaged 
10 (range 6 to 13). There was no direct relationship between pressure levels 
in the two circuits. A comparison was made between the average pressure in 
the pulmonary artery adjacent to the valve and the average in the right or left 
pulmonary artery in 18 subjects with tracings from both sites. The distance 
separating these two sites was small. A statistically significant fall peripherally 
in pulse pressure of 1.6 mm. Hg was noted (P < 0.01) but the systolic and 
diastolic pressure changes were inconsistent from subject to subject. The data 
suggested, however, that, unlike systemic arterial pressure,*’ the systolic pres- 
sure probably fell more rapidly than the diastolie as the pulse wave moved 
distally. 

A pulmonary artery wedge pressure tracing was included when the pulse 
contour was considered typical with a reeognizable ‘‘v’’ wave, whether or not 
a blood sample could be withdrawn. A blood sample could be withdrawn from a 
wedge position in 66 per cent of cases. In 88 per cent of the cases in which a 
blood sample was withdrawn, the sample obtained was fully saturated with 


oxygen (range 90 to 100 per cent). In addition to a satisfactory pulse contour, 


a good snap-free of the eatheter tip on withdrawal from the wedge position as 


seen by fluoroscopy was a necessary criterion for inclusion. Following a satis- 
factory wedge contour and coincident with the snap-free, the pressure tracing 
showed the sudden appearance of gross artifact before the catheter came to 
rest in the proximal pulmonary artery. The average and range of pressure 
values for the wedge position were: maximum 15 (8 to 23), minimum 9 (5 to 
14), mean 12 (8 to 15), and pulse pressure 6 (3 to 10 

Comparison of Pressures at Various Sites—1. The differences in mean 
pressures between the right atrium and the associated great veins, peripheral 
veins, and pulmonary artery wedge position. The averages of the several 
mean pressures recorded in each subject were used rather than values obtained 
at any one particular time for, although pressure variations occurred through- 
out the procedure, they were found to affect the right atrium and great veins 
equally and in the same direction. The results are given in Table IV. 

The mean pressure gradient from antecubital vein to right atrium averaged 
23mm.Hg. The effect of the negative intrapleural pressure was not determined. 
The average differences between the great veins and the right atrium indicated 
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a positive gradient of 0.5 mm. Hg with a range of —-2 to +4. Inferior vena caval 
pressure measurements were confined to those in which the catheter tip lay at 
or above the level of the diaphragm. The finding of negative mean pressure 
eradients in several eases indicated that these measurements recorded one facet 


only of the complex pressure-flow relationship which existed at any one moment. 


TABLE TV. AVERAGE MEAN VENOUS PRESSURE DiFFERENCES WHILE BREATHING AIR (MM. Hg). 
DIFFERENCES CALCULATED From RIGHT ATRIAL MEAN PRESSURE" 


ACVt MINUS RA! SVC MINUS RA | IVC MINUS RA WEDGE MINUS RA 
Number of subjects 16 21 18 19 
Average difference +23 + 0.5 + 0.5 ; 


od 


Range 0 to +5 1 to +2 2 to +2 2to +8 


Standard deviation + 1.39 + 0.75 + 0.99 + 1.46 
P value < 0.001 < 0.01 < 0.05 < 0.001 
*+ indicates a pressure greater than RA 


fFACV iuntecubital vein; RA right atrium; SVC superior vena cava IVC 
ferior vena cava at or above diaphragmatic level. 


The differences between the mean pulmonary artery wedge and mean right 
atrial pressures averaged 5.7 mm. Hg with a range of 2 to 8. Since the mean 
wedge pressure approximates mean left atrial pressure,** this difference presum- 
ably gives an indication of the mean pressure gradient between the two atria. 

2. The pressure gradient across the tricuspid valve. From analysis of 29 
records obtained during continuous withdrawal of the eardiae catheter across 
the tricuspid valve, in 19 subjects, no significant pressure difference was found 
to exist between the maximal right atrial pressure (‘‘a’’ wave of atrial systole 
and the end diastolie right ventricular pressure (P < 0.1). There was con- 
siderable variation in different subjects (range —-4 to +2 mm. Hg, s.d. + 1.7 
Artifaet recorded during diastole of the right ventricle made exact measurement 
difficult. There was also no significant difference between minimal right atrial 
and initial diastolie right ventricular pressures (P < 0.4). A comparison of 
the mean right atrial pressure with the arithmetie mean of the initial and end 


diastolic right ventricular pressures revealed a negative gradient of 1 mm. Hg 


from right atrium to right ventricle, which, while of statistical signifieanee (P 


0.01), was of uneertain physiologic significance. A further analysis of the 


effect of inspiration and expiration on these differences did not reveal any 
statistically significant changes during the respiratory cycle. This information 
is not of great value, however, in the absence of simultaneous measurements of 
intrapleural pressure. Comparison of mean right atrial and mean right ventricu- 
lar diastolic pressures in several subjects showed them to be equal. The records 
were not considered suitable for comparison of the mean right ventricular 
diastolie pressure with the mean pressure within the atrium during ventricu- 
lar filling. A positive gradient from atrium to ventricle would be expected 
during this period. 

3. The gradient across the pulmonary valve and the relation between the 
mean pulmonary artery pressure and mean pulmonary artery wedge pressure. 
These various pressure differences are detailed in Table V. The subjects were 
breathing air or oxygen. 
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The gradient across the pulmonary valve was analyzed, using either con- 
tinuous records obtained during withdrawal of the catheter tip from the pul- 
monary trunk to the outflow tract of the right ventricle or recordings taken from 


these sites within 30 seconds of such withdrawal. Thirty-four records in 22 


subjects were analyzed. There was a systolic gradient averaging 2 mm. Hg 


across the pulmonary valve whieh was highly significant statistically 

P < 0.001). This difference was unrelated to the respiratory eyele. In two 
subjects with multiple reeords of this type the gradient varied from 1 to 7 
and 1 to 5 mm. Hg at various times during the procedure. 

(omparison of the diastolic pressures in the main pulmonary artery and in 
the right ventricle (Table V) revealed that at the beginning of diastole, with 
opening of the tricuspid valve, there was an average gradient across the 
pulmonary valve of 7 mm. Hg which at the end of diastole was reduced 


to 2 mm., a very small although statistically significant difference (P <0.001). 


TABLE V. DtrreRENcES (MM. Hy) BETWEEN THE AVERAGE PRESSURES IN THE PULMONARY 
ARTERY AND THOSE IN THE RIGHT VENTRICULAR OvutTFLOW TRACT AND WEDGE POSITION. 
Sussect BREATHING AIR OR OxYGEN* 


PA SYSTOLIC PA DIASTOLIC MINUS PA MEAN 


MINUS RV INITIAI RV END WEDGE MINUS 
RV SYSTOLICt DIASTOLICct DIASTOLICt MEAN} WEDGE MEAN} 
Number of subjects 99 


20 
Number of with 


drawals 3 3 34 34 
Average difference 2. + 6.7 +1.9 + 0.1 
Range +3 + 2 to +6 5 to 
Standard deviation +1! +18 +1.6 +1.9 
P value < 0.001 < 0.001 < 0.001 < 0.9 

*A positive value indicates a 


right ventricular or wedge pressure less than pulmonary 
rial pressure 


Only records during continuous withdrawal of the catheter across the pulmonary valve 
rr records taken within 30 seconds of such withdrawal) are included 


TPA Pulmonary artery adjacent to pulmonary valve; RV right ventricular outflow 
tract Records during withdrawal from wedge to proximal pulmonary artery 


Comparison of records obtained during withdrawal of the eatheter tip from 


the pulmonary artery wedge position to the proximal pulmonary artery (Table 


V 


revealed no significant difference between the diastolic pulmonary artery 
pressure and mean wedge pressure (P <0.9). The average difference between 
the mean pulmonary artery pressure and the mean wedge pressure was 5 mm. 
Ig with a range of 1 to 9. 

Pressure Variations During the Respiratory Cycle—A comparison of the 
average pressures during inspiration and the average during expiration at each 
site is presented in Table VI, expressed as differences (expiration minus inspira- 
tion). Breathing was of normal depth apart from rare periods of moderate 
overbreathing associated with anxiety, the effects of which were minimized by 
using the average differences. 

Only 3 of 16 subjects showed any respiratory variation in tracings of 
antecubital vein pressure. In one subject only did this exceed 1 mm. Hg. The 
increase in both the maximal and minimal right atrial pressures during expira- 
tion was small (1 mm.) but significant (P <0.001 and <0.01, respectively). 
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The changes in the right ventricle were similar to those in the right atrium 

except for the absence of a significant change in the end diastolic pressure 

P <0.2), which beeause of artifact at the end diastolic point may have been 
masked. 

The respiratory variations in the pulmonary artery pressure and wedge 
pressure were both highly significant statistically, being all in the same diree- 
tion. The expiratory increase was two to three times greater than in the right 
atrium and right ventricle, averaging 3 mm. Hg at both sites, without any 
change in pulse pressure. 


In the systemic arteries there was an average increase during expiration 


of 4 mm. Hg systolic and 2 mm. Hg diastolic with an increase in pulse pressure 


of 2 to 3 mm. Hg. These changes were statistically highly signifieant (P 


0.001). 
The foregoing findings are essentially in agreement with the work of 
others.°* 4 
TABLE VI. DirFERENCES IN AVERAGE PRESSURES (MM. Ha) DurING THE RESPIRATORY CYCLE. 
AVERAGE PressuRE During ExprraTION MINus AVERAGE PRESSURE DuRING INSPIRATION. 
Supsect BREATHING ArR* 
RAt J WEDGE RADIAI 
Number of 
subjects 5 24 é 19 
Average 
differencet 
Range systolic 
differences 
tange diastolic 
differences 
Standard devia 
tion systolic 
differences 


Standard devia 
tion diastolic +1.1$ 
differences 0.3 > 3.3 +13 


*A popitive value indicates a rise during expiration, 
fInclufied 1 SVC and 1 IVC difference. 

tExpressed as systolic/diastolic. 

§Initial diastolic and end diastolic RV pressures 


Maximal Individual Variations in Pressure During the Catheterization 
Procedur4.—By subtracting the minimal pressure recorded at any time during 
the proeddure from the maximal pressure, in those subjects with multiple 
recordings, the figures in Table VII were obtained. The diastolic pressure 
change was equal to approximately half the systolic, as ean be seen by com- 
paring the mean and systolie values. 

The maximal systolie variations were approximately equal in the right 
atrium, pulmonary artery, and wedge positions, and averaged between 2 and 
3 mm. Hg with a maximum of 6 mm. In the right ventricle, however, the 
systolic difference rose to 4 mm. Hg with a range up to 12 mm. Hg. This larger 
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difference could be partly explained by the high systolie right ventricular pres- 
sures recorded early in the proceedure. The variation in wedge pressure was 
unrelated to the site of wedging of the catheter as seen fluoroseopiecally. Lateral 
chest roentgenograms were not taken. 


TABLE VII. Maximan InpivinpvaL Pressure DIFFERENCES (MM. HG) at VARIOUS SITES IN 
SuBJECTS WitH MULTIPLE RecoRDINGS (AVERAGE 3, RANGE 2 TO 5). TIME INTERVAI 


SEPARATING DIFFERENT RECORDINGS AT ANY ONE SITE AVERAGED 75 (4 TO 305) MINUTES 
RA RV PA WEDGE 
MAXIMUM MEAN SYSTOLI( SYSTOLIC MEAN MAXIMUM MEAN 

Number of 

subjects 15 : 19 
Average 

maximal 

differences 2.0 1.5 of 3.8 3.0 2.3 
Range 0 to 5 0 to 4 0 to 12 5 0 to 6 0 to 6 
Standard 

deviation +1.6 +12 + 3.) = he +2] 


The average time difference between recordings in individual subjects at 
any one site was 75 minutes with a range of 4 to 305 minutes. There was no 
correlation between these pressure variations and the time interval separating 
the measurements. 

The Hemodynamic Response to the Inhalation of 95 Per Cent Oxrygen.— 
1. Changes in heart rate, cardiae output, and vaseular resistance. The simul- 
taneous radial and pulmonary artery blood samples for caleulation of cardiac 
output were withdrawn from 6 to 33 minutes (average 16) after commencing 
inhalation of oxygen. These values were subtracted from the values for cardiac 
output obtained from & to 51 minutes (average 19) before commencing inhala- 
tion of oxygen. The average time separating the measurements of cardiac 
output with the subject breathing air and oxygen was 35 minutes and ranged 
from 19 to 60 minutes. The results in 20 subjects are given in Table VIII. A 
positive value indicates a decrease while breathing oxygen. 

There was no significant change in the oxygen capacity nor in the arterio- 
venous oxygen difference. The oxygen uptake was also unchanged. There was 
a statistically significant fall in heart rate averaging 3.4 beats per minute. 
Five of the 20 subjects failed to show this change and in 3 of these the inerease 
recorded did not exceed 3 beats per minute. The average decrease in heart 
rate in all subjects who breathed oxygen (total 24) was 5.4 beats per minute or 
6 per cent (P <0.01). 

No constant change in ecardiae index was found, the range of differences 
equaling + 0.7 L./min./m.* of body surface. The stroke index, however, showed 
a statistically significant rise, averaging 3.0 ¢.c./beat/M.2 (P < 0.01). This 
occurred in 16 of the 20 subjects. Of the remainder a fall not exceeding 0.8 
occurred in 3. 

The ecaleulated ‘‘total’’ pulmonary resistance decreased while breathing 
oxygen (Table VIIT), the average fall being 23 dynes:seeconds‘em.° (P < 0.01). 


Only 4 subjects failed to show a decrease with differences in these cases equaling 
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CARDIAC OUTPUT, MEASUREMENTS, AND PRESSURE VALUES 
0, —1, -9, and -50 dynes:seconds‘em.° The change in systemic resistance was 
variable, although a rise was recorded in 12 of 20 eases. The pulmonary 
‘*arteriolar’’ resistance rose in 4 subjects and fell in 3. 

2. Changes in right heart and systemic pressures. The variations in pres- 
sures associated with the inhalation of high oxygen mixtures over a period of 
3 minutes or more are shown in Table IX. The systemie (radial) artery and 
pulmonary artery pressures recorded immediately before commencing oxygen 
were subtracted from those obtained after 3 to 5 minutes of oxygen administra- 
tion, the position of the eatheter remaining unchanged in either the main 
pulmonary artery or the proximal right or left pulmonary artery during this 
interval. In 15 subjects both pressures were recorded simultaneously. In 3 
subjects only systemie and in one subject only pulmonary pressures were 
recorded at these times. 

There was an increase in radial artery systolic pressure averaging 6 mm. 
Hg (P <0.001), and a diastolic increase equal to approximately half the systolic 
(P <0.01). The rise in mean pressure was thus intermediate, averaging 4 mm. 
Hg. The associated increase in the pulse pressure of 2 mm. Hg was slightly 
less constant. 

The change in pulmonary artery pressure was in the opposite direction to 
the systemic and of lesser degree, being approximately proportional to the 
differences in pressure between the two circuits. The mean pulmonary artery 
pressure showed a decrease while breathing oxygen averaging 1 mm. Hg (P 
< 0.01). Twelve of the 16 cases showed a decrease, in two there was a rise of 
1 mm. Hg and in two no change. The analysis further suggested that this 
change in mean pressure was due to a fall in the systolie with little alteration 
in the diastolic level. The failure to find a consistent decrease in pulse pressure 
could be a reflection of artifact present in the tracings. 

Comparison between the average pressures in the right ventricular, right 
atrial, and wedge positions while breathing air and the average pressures at 
these sites while breathing oxygen was also made (Table IX). The high systolic 
right ventricular pressures recorded early in the procedure while breathing air 
were excluded. The fall in right ventricular systolic pressure while breathing 
oxygen averaged approximately 4 mm. Hg (P <0.01). It was present in 12 
of 14 subjects and in 6 cases equaled 5 mm. Hg or more. There was a fall also 
in end diastolie right ventricular pressure. The change in the initial diastolic 
level was not significant (P <0.8). The average decrease in right atrial mean 
pressure of 1 mm. Hg was not statistically significant. The mean wedge pres- 
sure, recorded both while breathing air and oxygen in 7 subjects only, showed 
no change in two subjects and in the remainder a fall of up to 5 mm. Hg. 
There was no consistent relationship between the degree of fall in the mean 
wedge pressure and the mean pulmonary artery pressure in individual subjects. 


COMMENT 


One of the chief values of the present analysis of hemodynamic data from 


healthy subjects lies in its use for comparison with data obtained by similar 
techniques in subjects with cardiovascular disease. 
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The point of reference for all pressures has been taken as the midantero- 
posterior chest level. There ean be little argument in the use of the right atrium 
as a suitable zero level for measurement, with reference to atmospheric pres- 
sure. Differing opinions exist, however, as to the level of the atrium within 
the chest, for its position will vary relative to the chest thickness of the 
individual. In a eritical review of the subject, Lyons and associates"’ suggested 
that a point 10 em. anterior to the back with the patient supine was the most 
accurate. These workers, although using adults showing a wide range in chest 
thickness, did not inelude children in their analysis and admitted that, in the 
latter case, a point 10 em. anterior to the back would be an unsuitable zero 
level. Moreover analysis of their data reveals little significant difference in 
adult subjects between the level that they chose and the midanteroposterior 
chest level. Sinee infants and children form an appreciable number of the 
patients referred for cardiae catheterization, it is advisable to use a reference 
point suitable in both adults and children. For this reason the ‘‘mid-chest”’ 
level has been used in this laboratory. It is appreciated that an arbitrary point 
such as this does not give absolute accuracy, and that the levels given for right 
atrial and other pressures must be regarded as approximations only with 
reference to atmospheric pressure. With a large series of individuals, as in the 
present ease, using the precautions previously deseribed in establishing the 
exact mid-chest level, it seems justifiable to compare one subject with another 
and to use the present data for comparison with those collected under similar 
circumstances in patients with hemodynamie abnormalities. 

In comparing pressure gradients, the zero level used can be ignored. A 
gradient of 41 mm. of water (3 mm. Hg) from peripheral vein to right atrium 
has been reported by Richards and associates.2 Dexter and associates’® reported 
a mean pulmonary artery pressure to mean wedge pressure gradient of 6 (3 to 
%) mm. Hg. These values are similar to the present series. The pressure 
difference between the two atria can be estimated on assuming the wedge pres 
sure to approximate left atrial pressure (Table IV). The mean pressure dif- 
ference (wedge minus right atrial) averages 5 to 6 mm. Hg and probably is 
the basis for the large arteriovenous shunt present in eases of uncomplicated 
atrial septal defect. It is of interest that this pressure gradient is of the same 
magnitude as the mean gradient from pulmonary artery to pulmonary veins 
(Table V 

It is commonly stated that the systolic pressure gradient across the pul- 
monary valve is zero. This analysis, however, shows an average fall in systolie 
pressure of 2 mm. Hg across the valve. It has been shown in dogs* and 
man** ** that the greatly increased pulmonary flow present in atrial septal 


defeet may be associated with an appreciable pressure gradient across the pul- 
monary valve, which disappears with abolition of the shunt. 


There is little detailed information available regarding the hemodynamic 
response to the inhalation of high oxygen mixtures in healthy human beings. 
In particular the changes occurring in right-heart pressures have not been 
clearly defined. 





CARDIAC OUTPUT, MEASUREMENTS, AND PRESSURE VALUES 


The changes in systemic arterial pressure, heart rate, cardiae output, and 
stroke volume during inhalation of 100 per cent oxygen have been investigated 
by several groups***** and the results are conflicting. 

Apparently the most consistent change produced by breathing 100 per cent 
oxygen is the fall in heart rate. This has been attributed to the rise in oxygen 
tension, which eliminates the normal tonie effect on the chemoreceptors exerted 
by the lower oxygen tension which exists while breathing air.47 Other work*® 
has suggested that peripheral vasoconstriction oceurs under these conditions, 
which may perhaps selectively affect different organs such as the cerebral 
vessels. The finding in this study of a rise in systemie and a fall in pulmonary 
artery pressure while the cardiae output remained constant suggests that a 
selective change in calculated vascular resistances oceurs, presumably on the 
basis of vasoconstriction and vasodilation. These findings are in agreement with 
those of Burchell, Swan, and Wood,** indicating that the magnitude of the 
left-to-right shunt increased when patients with patent ductus arteriosus and 
pulmonary hypertension inhaled 100 per cent oxygen. Caleulations of vaseular 
resistance in these healthy subjects do show the expected fall in ‘‘total’’ pul- 
monary resistance, but a fall in pulmonary ‘‘arteriolar’’ resistance with a rise 
in total systemie resistanee was not a constant finding. It seems probable that 
the random errors in determinations of vaseular resistance by the presently 
available methods prevent uniform detection of the small changes in ealeulated 
vascular resistances which presumably oceur while breathing 100 per cent 
oxygen. 

The time relations of this decrease are of interest; however, since the 
change in pressure is just detectable, they are difficult to determine. The 
decrease in pulmonary artery pressure associated with the change from breath- 
ing air to oxygen in patients with pulmonary hypertension is often dramatie, 
so that the time course of the effeet can be studied in detail. In sueh patients 
the decrease in pulmonary artery pressure begins during the phase of rapid 
increase in arterial oxygen saturation approximately 10 to 20 seconds after the 
start of oxygen breathing and the majority of the effect is evident in 1 to 2 
minutes. The present data are compatible with the belief that similar time 
relationships pertain to this effeet of oxygen breathing in healthy subjects. 


SUMMARY 

Twenty-six ambulatory healthy subjects with cardiovaseular respiratory 
systems normal in all eclinieal and laboratory aspects were investigated by the 
technique of cardiae catheterization. 

The zero reference point for all pressure measurements was mid-chest at the 
sternal end of the third interspace. 

The ecardiae index averaged 3.5 and ranged from 2.5 to 4.4 L./min./M. 
and the stroke index 46 with a range from 37 to 63 ml./beat/M.* 


The mean and range of values for caleulated total systemic, total pul- 
monary, and pulmonary ‘‘arteriolar’’ vascular resistances were 1,130 (745- 
1,570), 205 (90-290), and 67 (44-106) dynes:secondsem.*, respectively. 
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The average pulmonary artery wedge, pulmonary artery, right ventricular, 

right atrial, and antecubital vein pressures were: 15/9, 22/12, 27/4-10, 9/4, 

and 9/7 mm. Hg, respectively, while the radial artery pressure averaged 135/71 
mm. Hg. 

The average statistically signifieant mean pressure gradients from the ante- 

cubital vein, both eavae, and the left atrium to the right atrium were 2, 0.5, and 

6 mm. Hg, respectively. The average systolie pressure gradient of 2 mm. Hg 


across the pulmonary valve was statistically signifieant. 


The pressures during expiration in the right atrium, right ventricle, pul- 


» ») 


monary artery, pulmonary artery wedge, and radial artery averaged 1, 2, 3, 3, 
and 4 mm. Hg, respectively, higher than during the inspiratory phase of the 
respiratory evele. 

The average maximal differences in systolic pressures recorded at different 
times in the same individual during eardiae eatheterization averaged 2, 4, 3, 
and 3 mm. Hg in the right atrium, right ventricle, pulmonary artery, and wedge 
positions, respectively, and ranged from 0 to 12 mm. Hg. 

The effeet of the administration of 95 per cent oxygen was investigated in 
20 of these subjects. There was a fall in heart rate and an inerease in stroke 
volume with no systematie change in eardiae output under these conditions. 
In addition, a fall in pressure throughout the right heart and pulmonary 


vascular tree and a rise in systemic arterial pressure were noted. 


REFERENCES 


1. Cournand, A., and Ranges, H. A.: Catheterization of the Right Auricle in Man, Proce. 
Soc. Exper. Biol. & Med. 46: 462-466, 1941. 

Richards, D. W., Jr., Cournand, A., Darling, R. C., Gillespie, W. H., and Baldwin, E. DeF.: 
Pressure of Blood in the Right Auricle, in Animals and in Man: Under Normal 
Conditions and in Right Heart Failure, Am. J. Physiol. 136: 115-123, 1942. : 

3. Cournand, A., Lauson, H. D., Bloomfield, R. A., Breed, E. 8., and Baldwin, E. DeF.: 
Recording of Right Heart Pressures in Man, Proe. Soe. Exper. Biol. & Med. 55: 34-36, 
1944, 

Bloomfield, R. A., Lauson, H. D., Cournand, A., Breed, E. 8., and Richards, D. W., Jr.: 
Recording of Right Heart Pressures in Normal Subjects and in Patients With 
Chronic Pulmonary Disease and Various Types of Cardio-cireulatory Disease, J. 
Clin. Invest. 25: 639-664, 1946. 

>. Cournand, A.: Recent Observations on the Dynamics of the Pulmonary Cireulation, Bull. 
New York Aead. Med. 23: 27-50, 1947. 

Dexter, L., Haynes, F. W., Burwell, C. S., Eppinger, E. C., Sagerson, R. P., and Evans, 
J. M.: Studies of Congenital Heart Disease. II. The Pressure and Oxygen 
Content of Blood in the Right Auriecle, Right Ventricle, and Pulmonary Artery in 
Control Patients, With Observations on the Oxygen Saturation and Source of 
Pulmonary ‘‘Capillary’’ Blood, J. Clin. Invest. 26: 554-560, 1947. 

Lagerléf, H., and Werké, L.: Studies on the Cireulation in Man. II. Normal Values for 
Cardiac Output and Pressure in the Right Auricle, Right Ventricle and Pulmonary 
Artery, Acta physiol. seandinav. 16: 75-82, 1949. 

Hellems, H. K., Haynes, F. W., and Dexter, L.: Pulmonary ‘‘Capillary’’ Pressure in 
Man, J. Appl. Physiol. 2: 24-29, 1949. 

Lenégre, J., Maurice, P., Coblentz, B., and Seebat, R.: Le cathétérisme veineux des 
eavités droites du coeur chez 1’homme, Arch. mal. coeur. 42: 978-1019, 1949. 

10. Dexter, L., Dow, J. W.., Haynes, F. W.., Whittenberger, J. L., Ferris, B. G., Goodale, 
W. T., and Hellems, H. K.: Studies of the Pulmonary Circulation in Man at Rest. 
Normal Variations and Interrelations Between Increased Pulmonary Blood Flow, 
Elevated Pulmonary Arterial Pressure and High Pulmonary ‘‘Capillary’’ Pressures, 
J. Clin, Invest. 29: 602-613, 1950. 





Nu 


11. 


CARDIAC OUTPUT, MEASUREMENTS, AND PRESSURE VALUES RY 


Bustamante, R. A., Perez-Stable, E., Barrera, F., Casas, R., Beltran, O. 8., Bondet, L., 
and Edelstein, J.: El caterismo cardiaco como método de exploracion de las cardio 
patias. I. Técnica, complicaciones y presiones intracavitarias normales, Rev. cubana 
eardiol. 13: 1-20, 1952. 

Fowler, N. O., Westcott, R. N., and Scott, R. C.: Normal Pressure in the Right Heart 
and Pulmonary Artery, Am. Heart J. 46: 264-267, 1953. . 

Heim de Balsac, R., and Metianu, C.: Investigations Physiologiques. In Donzelot, E., 
and D’Allaines, F.: Traité des cardiopathies congénitales, Paris, 1954, Pub 
Librairies de L’Académie de Médicine, pp. 124-164. 


. Barratt-Boyes, B. G., and Wood, E. H.: The Oxygen Saturation of Blood in the Venae 


Cavae, Right-heart Chambers, and Pulmon:zry Vessels of Healthy Subjects, J. Las. 
& CLIN. MeEp. 50: 93, 1957. 

sarratt-Boyes, B. G., and Wood, E. H.: Hemodynamic Response of Healthy Subjects to 
Exercise in the Supine Position While Breathing Oxygen, J. Appl. Physiol. 11: 129 
135, 1957. 


3. Nicholson, J. W., III, and Wood, E. H.: Estimation of Cardiac Output and Evans Blue 


Space in Man Using an Oximeter, J. Las. & CLin. Mep. 38: 588-603, 1951. 


7. Swan, H. J. C., and Wood, E. H.: Loealization of Cardiac Defeets by Dye Dilution 


Curves Recorded After Injection of T-1824 at Multiple Sites in the Heart and 
Great Vessels During Cardiac Catheterization, Proce. Staff Meet., Mayo Clin. 28: 
95-100, 1953. 


3. Wood, E. H.: Special Instrumentation Problems Encountered in Physiological Research 


Concerning the Heart and Circulation in Man, Science (n.s.) 112: 707-715, 1950. 


. Wood, E. H.: Special Technies of Value in the Cardiac Catheterization Laboratory. 


Proce. Staff Meet., Mayo Clin. 28: 58-64, 1953. 


. Lambert, E. H., and Wood, E. H.: The Use of a Resistance Wire, Strain Gauge Manom 


eter to Measure Intraarterial Pressure, Proce. Soc. Exper. Biol. & Med. 64: 186-190, 
1947. 


21. Lambert, E. H.: Strain Gages: Resistance Wire. In Glasser, O.: Medical Physics, 


Chicago, 1950, Year Book Publishers, Inc., vol. 2, pp. 1090-1098. 


2. Lambert, E. H., and Jones, R. E.: The Characteristics of a Resistance-wire Manometer 


for Measuring Blood Pressure in Cardiac Catheterization Studies, Proc. Staff Meet., 
Mayo Clin. 23: 487-493, 1948. 


3. Wood, E. H.: The Oximeter. In Glasser, O.: Medical Physies, Chicago, 1950, Year 


Book Publishers, Inc., vol. 2, pp. 664-680. 


. Wood, E. H., and Geraci, J. E.: Photoelectric Determination of Arterial Oxygen 


Saturation in Man, J. Las. & Ciixn. Men. 34: 387-401, 1949. 


. Sturm, R. E., and Wood, E. H.: An Instantaneous Recording Cardiotachometer, Rev. 


Scient. Instruments 18: 771-776, 1947. 


. Wood, E. H., Leusen, I. R., Warren, H. R., and Wright, J. L.: Measurements of Pres 


sures in Man by Cardiac Catheters, Circulation Res. 2: 294-303, 1954. 


- Van Slyke, D. D., and Neill, J. M.: The Determination of Gases in Blood and Other 


Solutions by Vacuum Extraction and Manometric Measurements, J. Biol. Chem. 
61: 523-573, 1924. 


28. Sendroy, J., Jr.: Manometrie Determination of Hemoglobin by the Oxygen Capacity 


Method, J. Biol. Chem. 91: 307-323, 1931. 


29. Roughton, F. J. W., Darling, R. C., and Root, W. S.: Factors Affecting the Determina 


tion of Oxygen Capacity, Content and Pressure in Human Arterial Blood, Am. J. 
Physiol. 142: 708-720, 1944. 


30. Standardization of Definitions and Symbols in Respiratory Physiology, Fed. Proc. 


9: 602-605, 1950. 


31. Baldwin, E. DeF., Cournand, A., and Richards, D. W., Jr.: Pulmonary Insufficiency; 


P} siological Classification, Clinical Methods of Analysis, Standard Values in Normal 
Subjects, Medicine 27: 243-278, 1948. 


2. Cournand, A., Riley, R. L., Bradley, 8. E., Breed, E. 8., Noble, R. P., Lauson, H. D., 


Gregerson, M. I., and Richards, D. W.: Studies of the Circulation in Clinical 
Shock, Surgery 13: 964-995, 1943. 


3. MeMichael, J., and Sharpey-Schafer, E. P.: Cardiac Output in Man by a Direct Fick 


Method: Effects of Posture, Venous Pressure Change, Atropine, and Adrenalin, 
Brit. Heart J. 6: 33-40, 1944. 


. Stead, E. A., Jr., Warren, J. V., Merrill, A. J., and Brannon, E. S.: The Cardiac 


Output in Male Subjects as Measured by the Technique of Right Atrial Catheteriza 
tion. Normal Values With Observations on the Effect of Anxiety and Tilting, 
J. Clin. Invest. 24: 326-331, 1945. 


. Conrnand, A., Riley, R. L., Breed, E. S., Baldwin, E. DeF., and Richards, D. W., Jr.: 


Measurement of Cardiae Output in Man Using the Technie of Cathetezization of 
the Right Auricle or Ventricle, J. Clin. Invest. 24: 106-116, 1945. 





38. Connolly, D. C., Kirklin, J. W., and Wood, E. H.: 


BARRATT-BOYES AND WOOD >, & Clis Med. 

Hickam, J. B., Cargill, W. H., and Golden, A.: Cardiovascular Reactions to Emotional 
Stimuli: Effect on the Cardiac Output, Arteriovenous Oxygen Difference, Arterial 
Pressure, and Peripheral Resistance, J. Clin. Invest. 27: 290-298, 1948. 

Kroeker, E. J., and Wood, E. H.: Comparison of Simultaneously Recorded Central and 
Peripheral Arterial Pressure Pulses During Rest, Exercise and Tilted Position in 
Man, Circulation Res. 3: 623-632, 1955. 

The Relationship Between Pulmonary 

Artery Wedge Pressure and Left Atrial Pressure in Man, Cireulation Res. 2: 434-440, 
1954. 

Lauson, H. D., Bloomfield, R. A., and Cournand, A.: The Influence of the Respiration 
on the Cireulation in Man, With Special Reference to Pressures in the Right 
Auricle, Right Ventricle, Femoral Artery and Peripheral Veins, Am. J. Med. 1: 
315-336, 1946. 

Dornhorst, A. C., Howard, P., and Leathart, G. L.: Respiratory Variations in Blood 
Pressure, Cireulation 6: 553-558, 1952. 

Lyons, R. H., Kennedy, J. A., and Burwell, C. S.: The Measurement of Venous Pressure 
by the Direet Method, Am. Heart J. 16: 675-693, 1938. 
Bowes, D. E., Kirklin, J. W., and Swan, H. J. C.: Effect of I 

Defects in Dogs (Abstr.), Am. J. Physiol. 179: 620-621, 1954. 

Blount, 8. G., Jr., Swan, H., Gensini, G., and MeCord, M. C.: Atrial Septal Defect; 
Clinical and Physiologie Response to Complete Closure in Five Patients, Circulation 
9: 801-812, 1954. 

Kirklin, J. W., Weidman, W. H., Burroughs. J. T., Burchell, H. B., and Wood, E. H.: 
The Hemodynamic Results of Surgical Correction of Atrial Septal Defeets: A 
Report of Thirty-three Cases, Circulation 13: 825-833, 1956. 

Bean, J. W.: Effects of Oxygen at Increased Pressure, Physiol. Rev. 25: 1-147, 1945. 

Whitehorn, W. V., Edelmann, A., and Hitchcock, F. A.: The Cardiovascular Responses 
to the Breathing of 100 Per Cent Oxygen at Normal Barometric Pressure, Am. J. 
Physiol. 146: 61-65, 1946. 

Dripps, R. D., and Comroe, J. H., Jr.: The Effect of the Inhalation of High and Low 
Oxygen Concentrations on Respiration, Pulse Rate, Ballistocardiogram 
Oxygen Saturation (Oximeter 
1947. 

. Otis, A. B., Rahn, H., Brontman, M., Mullins, L. J., and 


arge Atrial Septal 


and Arterial 
of Normal Individuals, Am. J. Physiol. 149: 277-291, 


wid 


Fenn, W. O.: sallisto 
Respiration, J. Clin. 


eardiographic Study of Changes in Cardiae Output Due to 


Invest. 25: 413-421, 1946. 
Burchell, H. B., Swan, H. J. C., and Wood, E. H.: Demonstration of Differential 
Effects on Pulmonary and Systemic Arterial Pressure by Variation in Oxygen 
Content of Inspired Air in Patients With Patent Ductus Arteriosus and Pulmonary 
Hypertension, Cireulation 8: 681-694, 1953. 





SURVIVAL TIME OF THE ERYTHROCYTE IN MYXEDEMA 
AND HYPERTHYROIDISM 
Jason E. McCLevuan, M.D., CHarRLes DonEGAN, M.D.,* Oscar A. THorup, M.D., 
AND Byrp S. LEAVELL, M.D. 
CHARLOTTESVILLE, VA. 


WITH THE TECHNICAL ASSISTANCE OF Mrs. RALPH FITZWATER 


HE in vivo survival time of erythrocytes in various clinical states has been 

measured by means of the Ashby technique! and by the use of erythrocytes 
tagged with isotopes, such as chromium®'.? The normal survival time of eryth- 
rocytes as determined by these methods has been found to be 120 + 15 days. 
The survival time of the erythrocytes has been shown to be shorter than normal 
in many clinical states associated with anemia.* In some diseases, such as 
leukemia and lymphosarcoma, the anemia has been found to be associated with 
an increased basal metabolic rate* ° as well as with decreased survival time of 
the erythroeytes.° It is the purpose of this paper to report the results obtained 
with the Ashby and chromium! techniques in a study of the survival of eryth- 
rocytes in other patients with abnormal metabolie states, namely, myxedema 
and hyperthyroidism. Approximately one-half of the patients with myxedema 
have a normoeytie or macrocytie anemia which is rarely severe unless there is 
a concomitant deficiency of iron or vitamin B,..* Although anemia is much less 
common in hyperthyroidism than in myxedema, a mild macrocytie anemia has 
been reported in as many as one-third of the cases.* 


MATERIALS AND METHODS 


The diagnosis of myxedema in the 5 patients who were studied was based 
on the clinical manifestations of the disease, supported by a diminished 24 hour 
uptake of radioactive iodine, a decreased basal metabolic rate, and an elevated 
serum cholesterol level. The myxedema was not thought to be secondary to 
hypopituitarism in any instance. The diagnosis of hyperthyroidism was made 
in the 5 patients on the basis of an elevated 24 hour radioactive iodine uptake 
and an increased basal metabolic rate, associated with the clinical features of 
hyperthyroidism. The pertinent data on these patients are shown in Table I. 
The normal subjects were volunteer male medical students and healthy hospital 
personnel. 


Erythrocytes from 4 patients with myxedema, one of whom was moderately 


anemic (J. S.), were transfused into normal recipients and the survival time 
of these cells was measured by the Ashby technique. The same technique was 
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used to measure the survival time of erythrocytes from a normal donor that were 


transfused into one patient with myxedema (V. G.), who was moderately anemic. 


In studying the survival time of erythrocytes in hyperthyroidism two techniques 


were employed. Red cells from 3 patients with hyperthyroidism were trans- 


fused into normal recipients and the survival times were measured by the Ashby 


technique. The survival time of the erythrocytes of two other patients with 


hyperthyroidism was measured by the autotransfusion of chromium*' tagged 


ery th rocytes. 


raBLeE I. Data on 5 PATIENTS WITH MYXEDEMA AND 5 PATIENTS WITH HYPERTHYROIDISM 


CLINICAL DATA LABORATORY DATA 

FECAI 
UROBI 
LINO 
GEN, 
(MG, 


DAY 


BILI 
RUBIN 
DIAG RETICS| ( MG, 


NOSIS R. I Jo)\ TG 
Myxe 0.4 
dema 
Myxe 
dema 
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dema 
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Patient to 
Normal 
Patient to 
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0.56 
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dema 
Myxe 
dema 
Hy per- 
thyroid 
Hy per 
thyroid 
Hyper 
thvroid 
Hyper 


thyroid 


61.0 
60.0 
67.0 


Hyper 


thyroid 


0.17 


Patient to 
Normal 
Normal to 
Patient 
Patient to 
Normal 
Patient to 
Normal 
Patient to 
Normal 
Autotrans 
fusion 
Cr51 
Autotrans 
fusion 
Cr51 


For the routine studies, hematocrits were determined by means of the 


Wintrobe tube. 


Erythrocyte counts were made in the usual manner with count- 


ing chambers and pipettes that were certified by the United States Bureau of 
Standards. The hemoglobin values were determined by the use of the Evelyn 
colorimeter, using 15.6 Gm. of hemoglobin per 100 ¢.c. of blood as a standard. 
Reticuloeyte counts were made by the indirect method from blood smears stained 
with brilliant cresyl blue and counter-stained with Wright’s stain. 

bilirubin levels were measured by the method of Dueci and Watson.® 


Plasma 
Four 


day stool collections for feeal urobilinogen were considered adequate only if 


the total weight of the sample was 240 Gm. or more. The method of Schwartz, 


Sborov, and Watson was used.'® 

In the transfusion studies, the techniques deseribed by Ashby! as modified 
by DeGowin, Sheets, and Hamilton were followed." Certain minor modifications 
which were suggested by DeGowin and associates to one of the present authors 





SURVIVAL TIME OF ERYTHROCYTES 93 


were made. All of the erythrocyte counts were done on 4 ml. of blood 
colleeted in balanced ammonium and potassium oxalate, rather than blood ob- 
tained from puncture of the ear lobe. The collection bottles were cleaned ecare- 
fully and the oxalate was measured and dried. Ashby counts were done on the 
blood collected in the oxalate, while the hematocrit, hemoglobin, and other de- 
terminations were made on additional blood that was placed in a bottle con- 
taining heparin. <A 1:20 dilution of antiserum was used at all times and onl) 
recipients whose ‘‘blank’’ inagglutinable cell counts were below 25,000 per 
cubie milliliter were used. All donors belonged to group O and all recipients 
belonged to group A. For all the inagglutinable cell counts on the oxalated 
blood refrigerated physiologic saline was used as the diluting fluid. The tubes 
containing the mixture of the antiserum and the red cells suspended in the 
physiologic saline were centrifuged at 1,800 r.p.m. for one minute and then 
tapped 20 times with the finger to promote mixing. This procedure was per- 
formed 3 times and the top laver of the supernatant fluid was used for counting 
the inagglutinable cells. In making the total erythrocyte counts 3 erythrocyte 
pipettes and 3 counting chambers were employed. All 6 sides were counted 
and the counts were averaged. 

The survival time of autogenous red cells was determined by labeling with 
radioactive chromium as described by Ebaugh, Emerson, and Ross.*? Fifty 
milliliters of the patient’s blood were suspended in ACD solution in a 75 ml. 
Fenwal flask and incubated with 75 pe of Na.Cr°'O, at room temperature for 
one hour. The plasma was removed by centrifugation and the original volume 
was reconstituted with sterile physiologic saline prior to injection of the tagged 
cells with a calibrated syringe. A 1:50 dilution of the donor suspension was 
made and a 4 ml. aliquot was counted in a flat-bottomed serew-capped vial 15.75 
by 50 mm. Since practically all the unbound chromium in the plasma was re- 
moved prior to injection, it was unnecessary to correct the first samples for 
plasma radioactivity. Samples were taken from the recipients at 10- and 20- 
minute intervals, daily for the first 5 days and weekly after the autotransfusion. 
Four milliliters of whole blood from the recipients were placed in similar vials 
and the radioactivity was determined with a well-type scintillatien counter after 
hemolysis had been produced by freezing and thawing of the samples. <A echro- 
mium standard was counted every second or third sample tested and a 
correction was made for physical decay and elution in each sample. 

RESULTS 

Myxredema.—The red cells from 4 patients with myxedema (E. G., B. P., 
A. P., and J. 8S.) which were transfused into normal recipients survived a nor- 
mal period of time in each instanee (Fig. 1). One of these patients, (J. S.) had 
a normocytiec anemia of moderate severity. A normal survival time was also 
found when erythrocytes from a normal donor were transfused into a mildly 
anemic patient with myxedema (V. G.) while treatment was withheld. 


Hyperthyroidism.—Erythrocytes from 3 patients with hyperthyroidism 


(K. D., L. P., and P. T.) survived normally when transfused into normal recipi- 
ents (Fig. 2). In 2 patients with marked hyperthyroidism (C.J. and A. W.) who 
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were studied by the Cr®! technique, the 50 per cent survival time of the eryth- 
rocytes was found to be approximately 18 days. The survival times of Cr°’- 
labeled autogenous red cells in these 2 patients and 3 normal individuals are 
shown (Fig. 3). The 50 per cent survival times of the normal patients varied 
from 39 to 48 days. 


DISCUSSION 


In the present study, normal erythrocyte survival times were found when 
erythrocytes from anemic and nonanemie patients with myxedma were trans 
fused into normal recipients. Likewise, erythrocytes from a normal individual 
survived for a normal time when transfused into a patient with myxedema and 
anemia while treatment was withheld. Rodnan and Jensen found that 
the survival time of the erythrocytes in 3 of 8 patients with myxedma 
was longer than normal when measured in the myxedematous environment by 
means of the Cr°' teechnique.’? The results of both studies indicate that hyper- 
hemolysis is not a factor in the anemia of myxedema and support the concept 
that the anemia of myxedema is due to decreased erythropoiesis. 

Erythroeytes from 3 patients with marked hyperthyroidism that were 
utilized in the present study survived normally when transfused into normal 
recipients. In 2 patients with hyperthyroidism, shortened erythrocyte survival 
times were found when the cells were labeled with Cr°! and reinjeeted into the 
same individuals. Rodnan and Jensen'* also found a shortened erythrocyte 
survival time in one of 7 patients with hyperthyroidism studied by means of 


the Cr*! technique. The finding of a diminished survival time of erythrocytes 


in some patients with hyperthyroidism agrees with Heilmeyer’s report of an 
increased fecal urobilinogen excretion in hyperthyroidism" and the evidence of 
increased erythropoiesis noted in the bone marrow studies of Axelrod and Ber- 
man.'* The absence of anemia in the patients with hyperthyroidism despite 
the shortened survival times of the erythrocytes is not surprising since the 
degree of hyperhemolysis is not more than could be compensated by a normal 
bone marrow which has the capacity to increase erythropiesis sixfold.’ 

The finding of abnormal erythrocyte survival times in some patients with 
myxedema and hyperthyroidism and not in others was unexpected. The ob- 
served differences may be due to differences in the duration or severity of the dis- 
order or to some other factors existing in the individuals who developed dysfune- 
tion of the thyroid. Although it is considered very unlikely, it is also possible that 
these results could be due to technical errors. The finding of a normal eryth- 
roevte survival time in all the myxedema patients by means of the Ashby tech- 
nique in the present study and Rodnan and Jensen’s finding of a prolonged 
survival time in some of the patients studied with the Cr*' technique, suggests 
that the prolongation of the survival time of the red cells in certain patients 
is due to alterations in the environment of the erythrocyte rather than some 
irreversible abnormality inherent in the erythrocyte. The results obtained with 
the hyperthyroid patients in the present study, that is, normal survival of 
‘‘hyperthyroid’’ erythrocytes in normal persons and decreased survival of 
‘‘hyperthyroid’’ erythroeytes in patients with hyperthyroidism, also suggest 
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that the environmental factors are most important. The responsible factors 
may be the variation in the amounts of trauma associated with the different cir- 
culatory states that exist in normal individuals and those with myxedema or 
hyperthyroidism. Another possibility to be considered is that in the different 
metabolic environments the erythrocyte undergoes changes in its own metabolic 
activity that alter its survival time. 


SUMMARY AND CONCLUSIONS 


1. The erythrocyte survival times in 5 patients with myxedema and 5 pa- 
tients with hyperthyroidism are reported. 

2. Normal survival times were observed when erythrocytes from patients 
with untreated myxedema were transfused into normal individuals and when 
erythrocytes from a normal individual were transfused into a patient with 
untreated myxedema. 

3. Erythrocytes from patients with untreated hyperthyroidism survived 
normally when transfused into normal individuals. Erythrocytes labeled with 
Cr® and reinfused into 2 patients with hyperthyroidism had a shortened sur 
vival time. 
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POLIOMYELITIS AND ASEPTIC MENINGITIS 
A Two-YEeAR FIELD AND LABORATORY Stupy IN CONNECTICUT 


Davin C. Davis, M.D.,* anp JosepH L. MELNICK, PH.D.** 
New Haven, Conn. 


INTRODUCTION 


i bee diagnosis of poliomyelitis, and more particularly the nonparalytie form 
of the disease, is frequently made in patients who subsequently show no 
laboratory evidence of poliomyelitis..'° With the widespread use of poliovae- 
cine, the need for an accurate diagnosis is heightened in order that illness in 
vaccinated cases be properly evaluated. With the advent of tissue eulture 
techniques, the laboratory is able to function with increasing effectiveness in 
identifying viral agents associated with aseptic meningitis. Presented here 
is a laboratory study of reported and suspected cases of poliomyelitis oceur- 
ring in Connecticut in 1955 and 1956, and certain ancillary investigations. 

The study is divided into the following parts: (1) Laboratory data from 
paralytic cases. (2) Laboratory data from cases of aseptic meningitis includ- 
ing virus isolations in tissue culture and suckling mice, and antibody tests for 
poliomyelitis, mumps, and certain echo and Coxsackie viruses. (3) Distribu- 
tion of cases according to age, sex, geography, and season. (4) Clinical and 
family contact studies (from nonparalytie poliomyelitis, from paralytic polio- 
myelitis, and from aseptic meningitis due to echo virus type 6, Coxsackie 
virus types A9 and B3). (5) Serologic surveys of antibodies against polio- 
myelitis and certain Coxsackie and echo viruses. 


MATERIALS AND METHODS 


A stool and a blood sample were collected in the acute phase of illness and convales 
cent blood was collected several weeks later from as many cases of poliomyelitis in Con 
necticut as possible. From certain cases, cerebrospinal fluid was also tested for virus. 

In 1955, a high incidence year, there were 654 cases reported of which 203 were noted 
as paralytic.11 Specimens were collected from 58 paralytic cases and 137 nonparalytic 
cases, hereafter referred to as cases of aseptic meningitis. Most of those from 0 to 14 
years of age were included. A few of the paralytic cases and about one-third of 
the aseptic meningitis cases were merely suspected as being poliomyelitis, and these were 
not reported to the health department by the practicing physicians. 

In 1956, 79 of the 83 (95 per cent) reported cases were studied. In addition, a num- 
ber of suspected cases of poliomyelitis were included. Clinical records were available on 
most of the cases, and from some of those showing paralysis, muscle evaluations during 
convalescence were available. 
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A paralytic case is defined in this study as any case so diagnosed by the attending 
physician unless convalescent muscle evaluation indicated no evidence of residual paralysis. 
No such confirmatory data were available for the 1955 cases; however, information was ob 
tained from all but 2 paralytic cases reported and studied in 1956. 

Cases of aseptic meningitis are defined as those showing no other obvious clinically 
associated illness that might produce secondary central nervous system manifestations, 
having no paralytic sequelae of the illness, and demonstrating two or more of the fol 
lowing features: (1) an acute self-limiting febrile illness, (2) clinical meningeal irritation, 
and (3) cerebrospinal fluid pleocytosis with normal sugar determinations and negative 
routine bacteriologie culture. 

Viruses were isolated and identified in monkey kidney tissue culture by methods al 
ready described.12-14 Poliomyelitis complement-fixing (C.F.)!5 and neutralizing (Nt)16 
antibody determinations were made on all sera. Nt antibody titrations in plastie panels 
were carried out using fourfold dilutions of sera against 100 TCD, of virus. Nt antibody 
determinations against the Coxsackie and echo viruses were made using the cytopathic 


+ 


inhibition test or plaque reduction test.! 


TABLE I. Virus ISOLATIONS FROM PARALYTIC POLIOMYELITIS AND ASEPTIC MENINGITIS USING 
MONKEY KIpNEY TISSUE CULTURE 


1955 1956 rOoTAI 
PARALYTI( PARALYTIK PARALYTIK 
POLIOMYE ASEPTIC POLIOM Yt ASEPTIC POLIOMYE ASEPTIC 
LITIS MENINGITIS LITIS MENINGITIS LITIS MENINGITIS 

No. studied 58 137 20+ S82 78 219 
Isolations 15 18+ 30 63 98 
Polio-1 39 ‘ 16+ 55 
Polio-2 2 0 
Polio-3 1 9 
Echo 1 0) 0 0 
Echo 5 0 0 0 
Echo 1* o¢ 0 1 
Echo 3 0 0 0 
Echo y , 0) 
‘ox. A , 1 


‘ox. Bl 0 0 
0 6 


vo 
9 
oY 
o 


‘ox. B2 
‘ox. B3 ‘ 0 6 
‘ox. B4 ‘ l 9 
‘ox. B5 0 0 


hough 1 poliovirus was not isolated, serologic studies were characteristic of polio 
ction 

No stool was collected from one of these cases before death, but a type 1 poliovirus 

isolated from another member of the household, who also developed paralysis 

RESULTS 

Part 1: Paralytic Cases.—Viral isolations from stool specimens are listed 
in Table I. Of the 58 eases reported as paralytie in 1955, 42 of 45 viruses iso- 
lated were poliovirus (39 type 1, 2 type 2, and 1 type 3). From one case only 
echo virus type 6 was isolated, but this patient showed serologic evidence of 
recent infection with poliovirus type 1 as well. From another ease only Cox- 
sackie A9 was isolated, but he also showed serologie evidence for recent polio- 
myelitis. Furthermore, from this patient’s brother a type 1 poliovirus was iso- 
lated. There was no evidence for recent poliomyelitis in the ease excreting 
the Coxsackie B4 virus; however, only an acute serum was obtained. The 
records of follow-up muscle evaluation were not obtained on this case nor on 


the other paralytic cases in 1955. 
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TABLE II, PARALYTIC POLIOMYELITIS (1956 


DAYS 
MONTH BETWEEN NEUTRALIZING 
OF EXTENT OF SALK STOOL ONSET AND C.¥. ANTIBODIES ANTIBODIES 
ONSET PARALYSIS VACC. ISOL. BLEEDING IA I |PooLA I II III 
April Legs* None Neg. 5 0 0 0 16 <4 16 
28 0 0 0 16 <4 16 
July Legs* None Neg. 14 0 0 0 64 1,024 256 
47 0 0 64 1,024 
July Rt. arm X1t I s 2 0 10 256 16 
and legs : ; 8 8 256 16 
Aug. Neck} X1t I : 8 256 
16 256 
Rt. arm None I } 0 1,024 
6 
Bulbar None 0 
fatal 
Legs None 


Bulbar X2 
X2 
None 


X3 
(1954) 
Bulbar None 
and arms 


Lt. leg X2 


Bulbar None 

fatal 
Rt. leg None Ii! 
Bulbar None I 


Bulbar None 


fatal§ 
Sept. Rt. leg None 


Sept. Trunkt$ X1t 


Sept. Bulbar None 
and It. 
arm 


*No muscle evaluation or follow-up on paralytic status 

*Vaccinated within one month prior to onset of illness 

tReported as nonparalytic, developed paralysis late in acute phase 

§Pregnant in acute phase of illness 

No stool collected before death, but Case 16 lived in same house and is the daughter of Case 


In 1956, there were 31 reported paralytic cases, all of which were investi- 
gated. From the results of the muscle evaluations, 11 were reclassified by us 
as aseptic meningitis. From 2 of the 20 paralytie cases studied (listed in 
Table II), there was no available record of muscle testing, and specimens from 
these 2 cases showed no evidence for recent poliomyelitis. There were 18 
eases showing definite weakness on convalescent muscle testing and from 17 


of these polioviruses were isolated (15 type 1 and 2 type 3). One of the 


eases died before a stool could be obtained, but a type 1 poliovirus was iso- 


lated from her daughter, also a paralytic case. Two of these 18 cases were 
reported in the acute phase of illness as nonparalytic. On subsequent examina- 
tion paralysis was noted. 
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The two unconfirmed cases were studied early in the season; both were 
adults and both failed to show any C.F. antibodies. Nt antibodies were pres- 
ent for the polioviruses, but no rise was demonstrable. The 18 confirmed cases 
of paralytic poliomyelitis were limited to the period from July through Sep- 
tember. The age range was 1 to 40 years, with 5 being 18 years or older. Two 
of these were known to be pregnant at the time of infection. There were 3 
deaths; these occurred in patients 14, 23, and 40 years of age, respectively. 
None of the fatal cases had received poliovaccine. 

Coneerning cases in vaccinated persons, one paralytic case had received 
3 doses of vaccine (in the 1954 field trial), one had received 2 doses in 1955 
and two received their 2 doses in 1956. Three had received one dose in 1956, 
All 3 in the latter group had been vaccinated from the same vaccine lot within 
one month of the time of onset of illness. Approximately 20,000 doses from 
this lot had been distributed during the summer of 1956 in Connecticut, these 
3 being the only known clinical cases who received this lot. A small portion 
of the same lot of vaccine was obtained and tested in 12 precortisonized mon- 
keys’? with negative results. 

C.F. antibodies were demonstrable in all 18 confirmed cases with signifi- 
cant elevations noted in 11 of 13 paired sera tested. Nt antibodies for the virus 
isolated were demonstrable in all 18 eases, with significant elevations noted 
in 3 of 14 paired sera tested. The failure to demonstrate a significant anti- 
body rise in more cases can be attributed in most instances to late collection 
of the aeute sera. 


TABLE IIT. Virus ISoLATiIons Using MonKey KipNeEy TIssuE CULTURE FROM PARALYTIC 
POLIOMYELITIS AND ASEPTIC MENINGITIS STUDIED IN 1955 AND 1956 By 
AGE AND VACCINATION STATUS 


0 to 14 AGE GROUP 


VACCINATED | NONVACCINATED | OVER 14 AGE GROUP TOTAL 


PARA- ASEP- PARA- ASEP | PARA- | ASEP- PARA- ASEP 

LYTIC TIC LYTIC TIC | LYTIC TIC | LYTIC TIC 
VIRUS POLIOMY-| MENIN- POLIOMY-| MENIN POLIOMY-| MENIN- | POLIOMY- MENIN 
ISOLATED ELITIS GITIS ELITIS GITIS ELITIS | GITIS ELITIS GITIS 
No. studied 13 77 é 72, 94° 70 


77 72 78 219 
63 98 
Poliovirus 10 6 : 17 16* ll 60 34 
Coxsackie 

virus 0 9 8 0 11 2 
Echo virus 0 20 12 0 4 i 


Isolations 10 35 37 37 16* 26 


38 
36 





*No stool was collected from one of these cases before death, but a type 1 poliovirus 
was isolated from another member of the household who also developed paralysis, 


Table LIL lists the paralytic cases, combining the 2 years’ study and sep- 
arating the 0 to 14 year age group from those over 14 years of age. In the 
0 to 14 age group, those having received vaccine were distinguished from those 
nonvaccinated in the same age group. Insufficient vaccine had been distributed 
in the older age group to warrant such an analysis. 
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Aside from the 7 paralytic cases in 1956 who had received vaccine, 6 addi- 
tional eases that occurred in 1955 were studied. From 3 of these a type 1 polio- 
virus was isolated (one vaccinated 3 times in the 1954 field trial, one vaccinated 
twice in 1955 and one vaccinated once in 1955). The remaining 3 eases showed 
no laboratory evidence for recent poliomyelitis and reeords of convalescent mus- 
cle evaluations were not available. 

Approximately 75 per cent (459,000 of 617,000) of the 0 to 14 age group 
had received 1 or more injections of vaccine prior to July 1, 1956, or the mid- 
point of this study.** With most of the cases in the 0 to 14 age group included 
in this study, the fact that 34 of 44 confirmed paralytic cases had not received 
any vaccine* lends strong support for the effectiveness of the vaccine in pre- 
venting the paralytic form of the disease. In addition, the majority of the 
vaccinated population had not received the full 3 doses of vaccine. 

There were 24 cases studied in the 15 years and older age group which 
were reported as showing paralysis. Sixteen of these yielded a virus, all being 
poliovirus. 

Part 2: Aseptic Meningitis Cases. 

Tissue culture isolations: In 1955, 137 cases of aseptic meningitis were stud- 
ied, all being suspected poliomyelitis and many being reported as nonparalytic 
poliomyelitis. Stools from these cases yielded 68 (50 per cent) viruses. Of 
these, 28 (41 per cent) were polioviruses (27 type 1, and 1 type 3), 25 (37 per 
cent) echo viruses (1 type 5, 22 type 6, and 2 type 14), and 15 (22 per cent) 
Coxsackie viruses (1 A9, 5 B2, 2 B3, and 7 B4). 

There were 82 cases studied in 1956 with 30 (37 per cent) yielding viruses. 
Of these, 6 (20 per cent) were polioviruses (4 type 1 and 2 type 3), 11 (37 per 
cent) echo viruses (9 type 6 and 2 type 14), and 13 (43 per cent) Coxsackie 
viruses (6 A9, 1 B2, 4 B3, and 2 B4). These are listed in Table I. Poliovirus 
type 1 and echo virus type 6 were the viruses most frequently isolated from 
this group. 


Very few cerebrospinal fluids were submitted for purposes of isolating 


viruses, but from 2 patients excreting a Coxsackie A9 virus, the same type 
virus was also isolated from the spinal fluids. The remaining spinal fluids 
tested, mostly from eases whose stools yielded no detectable virus, were nega- 
tive. 


In Table III, the aseptic meningitis patients are listed according to age 
and vaccination status. In the vaccinated 0 to 14 age group, 35 of 77 yielded 
a virus of which only 6 were poliovirus, an incidence of 1.3 per 100,000; of the 
nonvaccinated cases in this age group, 37 of 72 yielded a virus, of which 17 
were polioviruses, an incidence of 10 per 100,000. These rates, together with 
those given above, suggest that the vaccine was effective against both paralytic 
and nonparalytic poliomyelitis. 


*An incidence of 22/100,000 as opposed to 2/100,000 for the vaccinated 0 to 14 age 
group Had all of the cases occurring in this age group been studied, the remaining would 
have been almost entirely limited to the unvaccinated group; thus any correction factor would 
merely add more confirmed cases to the unvaccinated group and increase its rate. 
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In those over 14 years of age, 26 of 70 yielded viruses, of which 11 were 

polioviruses. There were no significant differences in the distribution of echo 

and Coxsackie virus isolation in the vaccinated and nonvaccinated groups or 

the two age groups, with the possible exception that the frequency of echo 
virus isolation in the adult group was slightly decreased. 


TABLE LV. LasBoratory CONFIRMED CASES OF NONPARALYTIC POLIOMYELITIS (1956 


DAYS i 
MONTH BETWEEN NEUTRALIZING 
OF SALK STOOL ONSET AND | C.F. ANTIBODIES ANTIBODIES 


ONSET VACC. ISOL. BLEEDING |IA | “I |POOI A I Il Ill 
June None I : =. 32 64. <4 16 
18 16 32 256 <4 <4 

36 16 16 ,024 <4 <4 

July None d 0 0 4 2 64 
0 6 < < 64 


Aug. None 7 0 0 256 <4 


~ 
s 


4 6 256 <4 
Aug. Twice* § 0 0 16 


0 0 0 16 


Aug. None 14 0 0 0 256 
17 0 0 0 256 


13 Sept. None 2 6 0 4 256 
22 6 8 4 1,024 


*Last vaccine inoculation given within one month of onset of illness. 


In 1956, there were 51 reported nonparalytic cases of which 48 were 
studied. An additional 11 were added from the group reported as “‘paralytic,”’ 
for no residual paralysis could be found. Six of the 59 were found to be ex- 
ereting a poliovirus and are listed in Table IV. Two were found to be type 3, 
one having been vaccinated twice prior to onset of illness. However, the last 
vaccination was given within a month of onset of illness. The other 4 cases 
were excreting a type 1 poliovirus. With the exception of one case, age 5, all 
were over 12 years of age. 

Cases 4 and 5 showed no C.F. antibodies using either live type 1 virus or a 
pool of heated types 1, 2, and 3 viruses. We have noted an occasional polio- 
myelitis infection not demonstrating detectable C.F. antibodies. On the other 
hand, the presence of C.F. antibodies may not always represent recent polio- 
myelitis infection, for immunization with killed poliovirus may also stimulate 
a C.F. antibody response in some persons. 

Nt antibodies were present for the virus excreted in each ease, though only 
Case 1 showed a significant rise in titer, the acute sera in the other cases hav- 
ing been collected too late in the course of infection. 

Because a number of the cases studied failed to yield a virus and were also 
negative serologically for recent poliomyelitis, they were studied further. 


Mumps encephalitis: A number of paired sera were analyzed for demon- 
strable mumps C.F. antibody rise. Of 58 paired sera, the donors of which 
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failed to yield a viral agent in tissue culture, 3 showed a C.F. response char- 
acteristic of recent mumps infection. An additional 25 paired sera, from do- 
nors exereting a viral agent, failed to show a significant rise in antibodies for 
mumps. These results are shown in Table V. 


TABLE V. IDENTIFICATION OF POTENTIAL ETIOLOGIC AGENTS FROM CASES WHO FAILED TO 
YIELD A VIRAL ISOLATION IN MONKEY KIDNEY TISSUE CULTURE 


NO. PAIRED SERA NO. STOOLS YIELDING 
SHOWING RISE IN COXSACKIE VIRUS IN 
MUMPS ANTIBODIES INFANT MICE 
Patients yielding 
no virus in tissue 
culture 
Control patients 
yielding virus in 
tissue culture 0/25 
Numerator number postive ; denominator number tested. 
*All 5 stools were from patients excreting Coxsackie virus (2 type A9, 2 type B3, and 


1 type B4). Stools from 5 additional patients, yielding Coxsackie virus in tissue culture (3 
type, A9, 1 type B3, and 1 type B4) failed to produce disease in infant mice. 


Coxsackie virus isolations in infant mice: Stools found to be negative in 
tissue culture were inoculated into 1-day-old mice. The Coxsackie A viruses 
(other than A9) that cannot be isolated in rhesus monkey kidney tissue cul- 
ture, can often be demonstrated by this means. Of 63 stools negative in tissue 
culture, 5 produced paralysis in suckling mice. In addition, 27 stools, from 
which viral agents were isolated in tissue culture, were inoculated into mice 
also, and 5 of them caused disease, all being from stools yielding Coxsackie 
virus in tissue culture (2 type A9, 2 type B3, and 1 type B4). However, 5 
other stools from this same group of controls, also yielding Coxsackie viruses 
in tissue culture, failed to produce disease in mice (3 strains were type AQ, 
1 type B3, and 1 type B4). A higher sensitivity of the tissue cultare technique 
for isolation of these Coxsackie types may well be the explanation. 

Clinical features: Clinical records were available on many of the cases of 
aseptic meningitis. The major features of the symptomatology of the groups 
according to virus isolations are listed in Table VI. 

The most frequent symptoms noted were fever, headache, and stiff neck. 
Occurring in about half the cases were stiff back, sore throat, back pain, mus- 
cle pain, vomiting, and constipation. There was no significant difference in 
symptomatology between the aseptic meningitis groups, whether they were 
excreting a poliovirus, Coxsackie group A, Coxsackie group B, echo virus, or 
were showing no detectable viral agent in the acute stool. 

Routine cerebrospinal fluid examinations were made on most patients. 
In all instances, bacterial cultures were negative as were chemical determina- 
tions, with the exception of an occasional slight elevation in protein. The 
majority of the cerebrospinal fluids showed a predominance of lymphocytes. 
The only consistent abnormality noted in the fluids was pleocytosis, and these 


were not significantly different in the groups according to virus isolation. 
The majority of the cell counts fell in the 25 to 99 W.B.C. per e.mm. group, 
with a range from 0 to 500 W.B.C. per e.mm. 
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TABLE VI. RELATIONSHIP OF CLINICAL FEATURES OF ASEPTIC MENINGITIS TO 


VIRAL ISOLATIONS 


VIRAL ISOLATIONS IN MONKEY KIDNEY TISSUE CULTURE 
( PER CENT) 


POL 


Number studied 


Fever 

Stiff neck 
Headache 
Stiff back 
Sore throat 
Back pain 
Muscle pain 
Vomiting 
Constipation 
Diarrhea 


Number studied 


<10 cells 
10-24 cells 
25-99 cells 
100-300 cells 
>300 cells 
>10 cells 


TABLE VII. Gree 


ASES STUDIED | 


Fairfield Co. 
New Haven Co. 
Litchfield Co. 
Hartford Co. 
Middlesex Co. 
Tolland Co. 
Windham Co. 
New London Co. 


Total 


0-4 Years 
5-9 Years 
10-14 Years 
>14 Years 
Total 
Male 
Female 
Total 


59 


43 


Part 3: 


26 


96 


JGR 


TOTAL 


“ATTACK* 
JMBER |} RATE 


: pie 
*Rate per 100,000 population. 


IOVIRUS 


APHIC, 


COXSACKIE A 
ll 


18 


89 
89 
89 
28 
33 
18 28 
18 28 

9 39 
18 5 

0 0 


91 
82 
36 
55 
45 


Cerebrospinal Fluid 
6 16 

0 19 

0 6 

50 37 

33 13 

17 25 


“wv 
100 81 


POLIOMYELITIS 
| ATFACK” | 


NUMBER | RATE 


Pleocytosis 


AGE, AND Sex DISTRIBUTION OF 
ACCORDING TO VIRAL ISOLATIONS 


COXSACKIE 
| ATTACK* 
NUMBER | 


RATE 


COXSACKIE B | ECHOTYPE6 | NEGATIVE 


3 
89 
75 
70 
44 
23 
16 


o7 


23 


ECHO 


‘| ATTACK* 


| NUMBER RATE 





Geographic Distribution 
8 1.4 
0.7 


9”7 
=! 


0.6 
1.3 
1.8 
2.9 
0.6 
- 38 


Distribution 


, Distribution 


lIelooocoarnmn 





Distribution of the Cases in 1956.—Because nearly all cases diag- 


nosed or suspected as poliomyelitis in 1956 were studied in our laboratory, the 


data could be used for epidemiologic analysis. 
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Geographic: As shown in Table VII, the 102 cases studied were scattered 
throughout the state with the 10 from Litchfield County (representing an at- 
tack rate of 9 per 100,000) being the highest incidence and the case from 
Middlesex County (representing 1.3 per 100,000) being the lowest. Of the 
24 cases who showed confirmatory laboratory evidence for poliomyelitis, one 


or more occurred in each of the counties, with a similar attack rate for each. 
With this being a year of low incidence, these differences are not significant. 
The attack rate for the state was 1 per 100,000. 

The distributions of Coxsackie and echo virus isolations were also uni- 
form. No nonpoliovirus was isolated from the less populated counties of 
Windham, Tolland, and Middiesex. The over-all incidence of each of these 
viruses was half that of poliovirus in the group studied. 

Age distribution: Most of the cases studied fell into the young age group; 
however, 39 of 102 were over 14 years of age. The younger cases generally 
yielded a slightly higher percentage of viral isolations. 

Poliovirus was evenly distributed among the age groups with the notable 
exception of those in the 5 to 9 age group, where only 1 case occurred. More 
vaccine had been distributed in this age group and this probably explains the low 
incidence. It is remarkable that in previous years this age group had the 
highest ineidenee of poliomyelitis. 

From the limited data, there seems to be a tendency for Coxsackie virus 
to be isolated from the older age group, whereas the echo viruses were evenly 
distributed. 

Sex distribution: Although slightly more males were reported and studied, 
a somewhat higher number of poliomyelitis and Coxsackie viruses were iso- 
lated from the female population. These differences are not significant. How- 
ever, as regards the echo viruses, where 9 of 11 isolates came from males, there 
may be a real difference. 


TABLE VIII. SEASONAL DISTRIBUTION OF CASES STUDIED AND REPORTED BY MONTH OF ONSET 
oF ILLNESS AND THEIR RELATION TO VIRUS ISOLATION 


LABORATORY | NONPOLIOVIRUS | TOTAL NON- 
TOTAL CASES REPORTED | CONFIRMED | ISOLATED FROM | POLIOVIRUS 
MONTH STUDIED CASES STUDIED | POLIOMYELITIS | REPORTED CASES ISOLATED 
Jan. 0 0 - aoe 
Feb. 2 0 - 0 
Mar. 1 0 0 
Apr. 9 4 3 
May 4 0 
June 3 0 
July : 11 2 1 
Aug. é 29 y 1] 
Sept. 21 ¢ 6 
Oct. 6 3 
Nov. 1 0 
Dec. 0 - 
Total 102 79 2:  @ 


Seasonal distribution: As shown in Table VIII, no case came to our atten- 
tion until February; from then until November, cases had their onsets in 
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each of the 10 intervening months, but with 62 of 102 occurring in August and 
September. Seventy-nine were reported to the Department of Health, the 
months of onset falling between April and November, with 50 of 79 occurring 
in August and September. Poliovirus was isolated from 24 of the 79 cases 
reported, with their monthly distribution being from June through September. 
There were 14 Coxsackie and echo virus isolations from the reported eases, 
and an additional 10 nonpolioviruses isolated from suspected but not reported 
eases. The distribution of their isolations ranged from March through Octo- 
ber with only Coxsackie A9 isolations being made early in the season. Thus, 
only 79 of 102 cases which came to our attention were reported. There were 
24 cases confirmed as poliomyelitis, with an additional 24 cases excreting a 
nonpoliovirus. 


TABLE IX. FAMILY Stupy OF NONPARALYTIC POLIOMYELITIS 


| : POLIO- 
INTERVAL | TITER OF POLIOMYELITIS | MYELITIS 
BETWEEN TYPE 1 NEUTRALISING =| peas 

| | 


ONSET AND PoLIO- | ANTIBODIES | ANTIBODIES 


SALK DATE OF | COLLECTION | VIRUSIN | TYPE | TYPE | TYPE | TYPE | TYPE 
VACC. ONSET | (WK.) STOOL* 1 2 | 3 | a oe 


Clinical : None 6/14/56 104 64 <4 16 32 <4 
case ‘ 102 256 <4 <4 16 4 
‘ 103 
102 
103 1024 <4 <4 16 «16 


Contact $0 «6/28 None 104 64 8 <4 <4 


102 
102 
Neg. 
Neg. 64 
Contact 3/19/55 None 103 1,024 
f 2/ 101 
Neg. 
Neg. 
Neg. 
Contact 5/ 5/54 None Neg. 
: Neg. 
Neg. 
Contact None 
101 
101 


Contact 45 None None 


Contact 50 None None 


*TCDs of virus per gram of stool 
tAc = Anticomplementary. 


Part 4. Clinical and Family Studies.—Household contacts of some of the 
eases were investigated. Representative examples of nonparalytic and para- 
lytic poliomyelitis, and aseptic meningitis caused by echo 6, Coxsackie A9, and 
Coxsackie B3 are presented here. 
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Nonparalytic poliomyelitis: J. K. (Table IX), a 12-year-old boy complained of ab- 
dominal pain the day after a classroom trip; he vomited once, and was noted to have a 
temperature of 101° F., followed the next day by a moderate headache. The patient was 
seen by his physician who noted a temperature of 101.6° F., moderate nuchal rigidity with 
pain referred to a mid-thoracic spine. Other neurologic signs being negative, questioning 
revealed that the patient had sustained a blow to the area 4 days previously. On admission 
to the hospital, x-ray of the thoracic spine was negative but lumbar puncture revealed 50 
W.B.C. (30 being lymphocytes) per cubic millimeter with a protein level of 59 mg. per 
cent. The sugar was normal, and there was no bacterial growth. One week after onset 
of illness, the patient was discharged asymptomatic and without sequelae. The patient 
had not received any polio vaccine. 

Stools were collected at weekly intervals for 5 weeks and a type 1 poliovirus was iso- 
lated from each specimen. The first stool, collected within the first week of onset of ill- 
ness, contained 10,000 virus particles (TCD,) per gram of stool and during the 4 subse- 
quent weeks the virus concentration ranged from 100 to 1,000 per gram. C.F. antibody 
determinations on sera collected the first, second, and fifth week after onset showed a fall 
in titer using heat-killed antigen, but a significant rise using live antigen. The detectable 
antibody response is slower by the latter method, whereas using the killed antigen, the acute 
serum was collected too late in the course of infection to be of diagnostic value.19 Nt 
antibody determinations for type 1 poliovirus showed a moderately high titer in the first 
serum, which rose progressively in subsequent sera. This too is a response often initiated 
before acute blood can be collected. No detectable Nt antibodies were noted to type 2 
poliovirus, and only a transitory titer was noted to type 3. 

Six contacts were studied, 2 of them adults. A 6-year-old contact had been given Salk 
vaccine twice during the previous month. This child excreted a type 1 poliovirus for the 3 
weeks following onset of illness of the index case. The C.F. response was similar to that 
of the clinical case; however, Nt antibodies showed no change, maximum response for the 
period studied having been reached prior to collecting the first serum. 

Another contact, age 8, had been vaccinated against poliomyelitis twice in 1955. This 
child excreted virus for 2 weeks. The first serum was anticomplementary, but the second serum 
showed C.F. antibodies, although at a low titer. Not only did Nt antibody determinations fail 
to show a rise, but a slight fall was noted to types 1 and 3. 

A third contact, age 10, had been included in the 1954 field trial and although no virus 
was isolated C.F. antibodies were noted in the late phase serum. 
changed. 


Nt antibodies remained un- 


A fourth contact, age 16, had not received any poliovaccine. He excreted the virus over 
the period of study, showed a characteristic C.F. response, and demonstrated a slight eleva- 
tion in type 1 Nt antibodies. No detectable Nt antibodies were noted to types 2 and 3. 

Neither parent of these children received vaccine and neither excreted virus nor 
showed any detectable C.F. antibodies. Although their Nt antibodies were of low titer, 
apparently having been derived from previous inapparent infection, they were sufficiently 
protected from reinfection. 


None of the contacts showed any clinical evidence of poliomyelitis during the period of 
study. 


Paralytic poliomyelitis: C. G. (Table X), a 4-year-old boy, was admitted to the hospital 
with a one-day history of fever and headache, nasal voice, right facial weakness, dysphagia, 
vomiting, and a fever of 103° F. Cerebrospinal fluid on admission revealed 50 W.B.C. per cubic 
millimeter, all lymphocytes, and a protein of 48 mg. per cent. Four weeks after onset, only 
minimal facial weakness persisted. The patient had received 2 doses of Salk vaccine about 5 
months prior to onset of illness. 


A rectal swab collected on admission, and stools collected on the second and fourth week 
after onset of illness yielded a type 1 poliovirus. C.F. antibody rise from 8 to 32 was noted 
from the first to second week of illness using both killed and viable antigen; however, the 
Nt antibody determinations remained the same, maximum response for the period having 
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been reached before the first serum was collected. The effect the vaccine might have had 
on antibody response can only be speculated upon, since serum prior to illness was not 
collected. 


’ 


Two siblings, ages 6 and 9, and the mother, had noted “summer grippe” (mild fever 
and headache lasting 24 hours) during the week preceding the onset of illness in the index 
case. Stools collected from these contacts during the patient’s second week of illness 
yielded poliovirus, A stool tested from the father, who remained well, was negative. The 
siblings had received Salk vaccine twice at the same time as the patient, but neither parent 
had been vaccinated. 

Repeat stools collected from the contacts two weeks later were negative. However, 
the patient who was convalescing satisfactorily at home was still excreting poliovirus at a 


high concentration. 


TABLE X. FAMILY Stupy OF PARALYTIC POLIOMYELITIS 


POLIO- 
INTERVAL TITER OF POLIOMYELITIS MYELITIS 
BETWEEN TYPE 1 NEUTRALIZING | C.F. 
ONSET AND POLIO- ANTIBODIES | ANTIBODIES 


DATE OF | COLLECTION | VIRUSIN | TYPE | TYPE | TYPE | TYPE | TYPE 
ONSET ( WK.) STOOL* Lt eo. l 
Clinieal 2/5 8/56 Positivet 256 256 16 f 
case 3/56 ; Positivet 256 256 16 32 
103 


Contact 5 2/5 None$ 2 103 256 1,024 16 
: Neg. 


Contact 12 2/5 None$ 2 103 25 256 
‘ Neg. 


Contact 40 None None$ ‘ 102 1,024 256 
Neg. 
Contact 44 None None 2 Neg. 14 <4 
*TCDs» of virus per gram of stool 
tRectal swab specimen; no titer available. 
tNot titered. 
§Minpor morbidity symptoms noted about 1 week prior to onset of clinical case. See text 


TABLE XI, Faminy Stupy or ASEPTIC MENINGITIS ASSOCIATED WitH EcHo Virus 
TYPE 6 EXCRETION 


NTERVAL 
Seah POLIOMYELITIS 
o mr NEUTRALIZING ANTIBODIES C.F. ANTIBODIES 
ONSET AND $$ $$$ | —__—_——_ 
COLLEC ECHO | POLIOMYELITIS TITER | AVIDITY 
AGE TION STOOL | TYPE | TYPE | TYPE | TYPE |TYPE|TYPE|TYPE|TYPE|TYPE|TYPE 
(yr.) | (WK.) ISOL. 6 is is | 2 ree 213 
Clinical 10 1 Echo-6 10 256 256 256 
case* 2 50 256 256 256 
250 256 256 256 





0 0 0 
8 0 1 
8 2 18 


0 
0 


Clinical : Echo-6 10 64 <4 16 
ease 4 250 256 <4 16 
250 256 <4 16 

Clinical 
case 2 50 1,024 256 256 
16 250 1,024 256 1,024 


oo ooo Boo} 


~ 
Oo 


Contact 40 16 10 256 1,024 256 


o S 


Contact 45 16 10 256 256 1,024 





*Case had been given Salk vaccine prior to onset of illness. 
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Aseptic meningitis associated with echo virus type 6: R. B. (Table XI), a 10-year-old 
hoy, developed fever of 104° F. and a sore throat, followed the next day by headache, vomit- 
ing, and a stiff neck. On admission to the hospital, cerebrospinal fluid revealed 10 W.B.C. 
¢.mm. with protein at 34 mg. per cent. This patient had received one dose of Salk vaccine 2 
months prior to illness. 

W. B., a 13-year-old sibling of R. B., had fever of 102° F., stiff neck, headache, and 
vomiting at the same time. There were 322 W.B.C./e.mm. in his cerebrospinal fluid. F. H., an 
8-year-old adopted sibling, was also admitted to the hospital with chest pain, nonproductive 


. 


cough, vomiting, stiff neck, headache, and fever of 102° F. His cerebrospinal fluid revealed 
150 W.B.C./e.mm. The predominant cells were lymphocytes in all three instances. 
Symptoms of all three patients spontaneously resolved and by 2 weeks after onset of ill 
ness recovery was complete. Parents of these cases remained well throughout the period. 
Stools were collected from W. B. and R. B. and bloods were collected from all 3 cases, in 
the acute phase. Late convalescent bloods were collected from the entire household. Echo-6 
virus was isolated from both stool specimens. Nt antibodies to echo-6 showed a rise in titer 
in all 3 cases. There was no significant change in Nt antibody titer to the polioviruses. 
Poliomyelitis C.F. antibodies were noted in the case of R. B., but with a history of having 
received vaccine, negative stool for poliovirus and no evidence for poliomyelitis in other 


members of the household, it is unlikely that he had a dual polio-echo infection. 


Aseptic meningitis associated with Coxsackie virus type A9: R. M. (Table XII), a 24- 
year-old man, was admitted to the hospital with a one-day history of headache, sore throat, 
fever, and stiff neck. Cerebrospinal fluid on admission revealed 256 W.B.C./e.mm. (117 lym 
phocytes) and protein at 60 mg. per cent. The patient was treated symptomatically and dis 


charged within a week asymptomatic and without sequelae. Poliovaccine had not been given. 


TABLE XII. Famity Srupy or ASEPTIC MENINGITIS ASSOCIATED WITH COXSACKIE VIRUS 
Type A9 EXCRETION 








| 
BETWEEN ones POLIOMYE- 
ONSET AND z | LITIS C.F. 
AGE | COLLECTION | sToon |_§ ae POLIOMYELITIS ANTI- 








a, (DAYS) | As TY rP 

Clinical 24 2  ~—d Cox. AO 5 256 <4 Neg. 
case Cox. A9 

Neg. 2 1,024 <4 Neg. 


| (¥R.) 


ISOL. ‘ TYPE] | TYPE2 | TYPE3 BODIES 


Contact 3 Neg. 64 64 Neg. 
Contact 5 Neg. 2 16 64 Neg. 
Contact Neg. 
Contact Neg. 
Contact Cox. 


Contact Neg. 





Stools collected 2 and 4 days after onset of illness yielded a Coxsackie A9 virus, but 
a stool collected on the sixth day after onset was negative. Stools were collected from 6 
members of the household on the sixth day after onset. The patient’s parents and grand- 
parents, who remained well, were negative. The patient’s wife, then convalescing from an 
episode of fever and headache, was also negative. One of the patient’s children, age 9 
months, although well, was excreting a Coxsackie A9 virus. The other child, age 20 months 
and also well, was negative. 
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Fig. 1.—Plaque reduction test in bottles. A, 
tissue culture passage of the virus isolated from the patient, typed as Coxsackie B3 virus. 
See Table XIV for details of plaque counts and parallel test in tubes on the same day 


Virus titration. Inoculum was the third 


as bottles pictured here. Virus dilutions (from left to right): 10-*, 10-3, 10+, 10%. B. Serum 
titration in bottles. Test dose 0.1 c.c. 10-2? virus. Acute serum—taken 2 days after onset. 
Serum dilutions (from left to right): 1:10, 1:50, 1:250, and 1:1,250. C. Same as Fig. 1,B 
but using convalescent serum taken 12 days after onset. D. Same as Fig. 1,B but using 
control serum, prepared in monkeys hyperimmunized with Nancy strain Coxsackie virus B3. 
Serum dilutions (left to right): 1:100, 1:500, 1:2,500, 1:12,500. 
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Poliomyelitis Nt antibodies in the patient’s sera collected on the first and sixth day 
after onset were limited to type 2, which titer did not change. No C.F. 


antibodies were de 
monstrable in either serum. Nt antibodies 


for Coxsackie A9 demonstrated a titer of 50 in 
the acute serum which rose to 250 in the second blood. 


Aseptic meningitis associated with Coxsackie type B83: J. A. (Tables XIII and XIV 
and Fig. 1), a 10-year-old boy, was admitted to the hospital with a one-day history 


of head 
ache, fever, dizziness, and stiff neck. 


On admission, slight tenderness was noted over the 
hamstring muscles. Cerebrospinal fluid revealed 32 W.B.C./e.mm. (14 lymphocytes); re- 
peated on the sixth day, 100 W.B.C./e.mm. (all lymphocytes) were noted. The patient was 
treated symptomatically and recovery was complete. Two doses of poliovaccine had been 
administered in 1955, and a booster was given 7 weeks prior to onset of illness. 


P as 


ie | 


Fig. 1D. (For legend see opposite page 


EXCRETION 


TABLE XIII. Aseptic MENINGITIS ASSOCIATED WiTH COXSACKIE VIRUS TyPE B3 


INTERVAL as a. : 

ties NEUTRALIZING ANTIBODIES 
BETWEEN 
ONSET AND COXSACKIE B3 POLIOMYELITIS 


: POLIOMYE 
AGE | COLLECTION | STOOL PLAQUE | TYPE | TYPE 


TYPE LITIS C.F. 
2 3 ANTIBODIES 
Clinical ~—:10 . Cem “<2 “50 1,024 1,024 1,024 Ney 


case 12 50 > 250 1,024 1,024 1,024 Neg 


( YR.) (DAYS) ISOL. C.P.1.* cOUNTt 1 
r 
yr 
= S* 
*Cytopathic inhibition neutralizing antibody determination by conventional method using 
monkey kidney tissue culture in test tubes with liquid media, 100 TCDs 
activated sera at dilutions of 1:10, 1:50, 1:250, amd 1:1,250. 


tNeutralizing antibody determinations using plaque method, but otherwise the same 
(Note Fig. 1 and Table XIV). However, 100 TCDs in the conventional method would be 
found to represent over 1,000 TCDs of virus in the plaque method; thus when 100 TCDs is 
used in bottles, the virus challenge is actually less, and the measurable titer is greater. 


of virus and in- 


A stool collected 2 days after onset yielded a Coxsackie B3 virus. Nt antibodies for 
Coxsackie B3 showed a greater than fivefold rise on paired sera collected the second and 
twelfth days. 


Nt antibodies for poliomyelitis showed high titers in both sera to all 3 
types. 


C.F. antibodies for poliomyelitis were low and could be attributed to the vaccine 
given a few weeks before. 

Nt antibody determinations were also made using the plaque technique.13,14 Being 
a more sensitive test, allowing smaller virus challenge, and, more significantly, allowing 
neutralization to be read even in the presence of some nonneutralized virus, antibody titers 
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TYPE | POLIOMYELITIS NEUTRALIZING ANTIBODIES IN CONNECTICUT 1955-1956 


SERA FROM DONORS CURRENTLY UNINFECTED WITH ANY POLIOMYELITIS VIRUS 


VACCINATED TWICE VACCINATED THRICE 
5 


100% 4 
| 


NG ANTIBODIES 


with NEUTRAL 


CENT 


0-4 5-9 10-4 15-34 0-4 5-9 10-4 5-34 
NO TESTED 6 ’ ~» 9 * 8 # 4 3 

Fig. 2.—Type 1 poliomyelitis neutralizing antibodies in Connecticut 55-1956 Sera 
from donors currently uninfected with any poliomyelitis virus. Solid black indicates persons 
with Nt titer of 1,024 or greater; shading with double lines, titer of 64 or greater; shading 
with single lines, titer of 4 or greater. 


TYPE 2 POLIOMYELITIS NEUTRALIZING ANTIBODIES IN CONNECTICUT 1955-1956 


NON VACCINATED VACCINATED TWICE VACCINATED 





5-s ™ O-4 5-9 0-4 GS-34 0-4 5-9 0-4 


Fig. 3.—Type 2 poliomyelitis neutralizing antibodies. 


TYPE 3 POLIOMYELITIS NEUTRALIZING ANTIBODIES IN CONNECTICUT 1955-1956 


NON VACCINATED VACCINATED THRICE 


g g 8 


~ 
° 


PER CENT WITH NEUTRALZING ANTIBODIES 


AGE GROUP 0-4 5-9 10-14 5-34 34 0-4 5-9 10-14 5-4 0-4 5-9 10-4 5-9 10-14 


Fig. 4.—Type 3 poliomyelitis neutralizing antibodies. 
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were found to be higher: 50 in the acute serum and over 250 in the convalescent serum. 


A control hyperimmune monkey serum tested at the same time was shown to have a titer 
of over 2,500. 


Part 5. Serologic Surveys.—Sera submitted to the laboratory for vari- 
ous purposes were routinely run for Nt antibody titers against poliomyelitis. 
These sera represented people of all age groups and vaccination status. An 
attempt was made to demonstrate differences in these groups. Many of the 
sera were also tested for Nt antibodies against other antigens, including Cox- 
sackie A9, echo-6, and some viruses not commonly found in Connecticut. A 
few of the sera were also tested for the presence of mumps C.F. antibodies. 
This has enabled us to obtain a measure of the prevalence of a variety of viral 
agents. Antibody determinations were not included in the tabulation if the 
donor showed evidence for recent infection with the virus tested or, in the 
vase of the poliomyelitis survey, with any poliovirus. 


TABLE XIV. Protroco. Test Ustne CoxSAckig Virus Type B3* In TUBES AND BOTTLES 
IN PARALLEL: READING ON SEVENTH Day AFTER INOCULATION 


SERUM TITRATION 
ACUTE | CONVALESCENT | CONTROL 
VIRUS TITRATION SERUM | SERUM ANTISERUM 
Cytopathic Inhibition Test in Tube 

:10 +++ 1:10 000 1:100 000 
50 +++ 1:50 00+ :500 +++ 

+ + 

+ 


10- +++ 1 
10-2 +++ 1 
10-3 ++0 1 

1 


250 a 1:250 +4 :2,500 44 
10- 000 


1,250 ++ 1:1,250 ++ 712,500 ++4 
Plaque Re duction Test in Bottles (see Fig. 1. ) 
10 0 1:10 :100 0 
50 17 1:50 7500 0 


10-: Confluent 
10-2 100+ plaques 


as 
ls: 

10 14 plaques 1:250 100 1:250 72,500 20 
3: 


10-5 3 plaques 1,250 1004 1:1,250 : 212,500 100+ 


*Strain 6-153, from patient's stool; third passage 


For the serum titration in tube cultures, the test dose was 0.1 c.c. of 10-' virus; for the 
plaque reduction test in bottles, the test dose was 0.1 c.c. of 10-* virus 


Poliomyelitis type 1 Nt antibody survey: Fig. 2 illustrates the titer of 
antibodies for type 1 poliovirus in the various groups according to age and 
vaccination status. The nonvaeccinated group serves as a control to demon- 
strate the expected pattern without vaccination stimulation. Less than 40 per 
cent in the group 0 to 4 years of age demonstrated any antibodies, with a pro- 
gressive rise to about 80 per cent in the group over 34 years of age. Those 
demonstrating high titers also rose in number up to the age group of 10 to 
14 years; then a fall was noted, which probably reflects the decline in anti- 
body level years after exposure to virus. 

Although the numbers of sera tested were small, it is apparent that there 
is an antibody-stimulating factor offered by both age (natural exposure) and 
vaccine, the latter not being highly efficient quantitatively or qualitatively. 
There were instances in which after multiple vaccinations, the titer of anti- 
bodies was either low or undetectable. 

Poliomyelitis type 2 Nt antibody survey: Fig. 3 illustrates the same pat- 
tern as found above, except that there appear to be less antibodies among the 





January, 1958 


J. Lab. & Clin. Med 


‘91qB} S142 UT PepNyoUT JOU B1eM SoIpoqmue “WD Ul 8S]1 419}B013 JO PlOjJanoJ B poezyerjsuOWIEp OYA 
S10UOp ss04,, “U8S!JUB [BIJA 9Yy} Sujsn AsozpBsogeE’] JUusUIZIedIG YIBEeF_T 93¥}G§ ynoPoouUOH ey} Aq 3NO pPessvd UO!}BUTULIAJEP “WO sdunypy_t 
*pezse} Suouop pezyeUIDOBAUOU Al[UOsL 
OyuM JO B@AI}BS9IU SBM [00}]S BSOUM SIOUOP Will BeIpoqijue Bulzi[esjyneN, 


*peise} Suleq yey}, uUeyR 4940 SNAIIA B BulyaIoOxX9 Bam 


sarpoq 
-13U8 SuizipBryneu YBa 4ued Jeg 
6¢ 19 19 19 19 pe }se} Bios JO JequIny 
9T Ol ee 8t sniyA Jo 
“TOL OOL 40F s9ySry 10 OT: [ JO 
19}1} B JO SeTpoqryue SurzipVayneyy 
easy jo sivexX FL 10AG dnoiy 
se1poq 
-1jUB Surzipesyneu YR yued Jeg 
pejse} suouop jo Jequiny 
sniia jo 
‘GOL OOT 10F 0ySty 10 OTT FO 
1a}1} B JO Setpoqrjue Surzipeajyneyy 
esy jo suvex Gf sepug dnoupy 


61 3 91 OF 8¢ 6F #¢ yC 19 


20 


LNICK 


4 


os 
oo 
Q 
Z 
< 
wt. 
> 
< 
a 


aUOW YO 9 Cc ra fa fa oud [a gE ved I 
$: [1 40 q GdkAL | G4AL | AMAL | AMAL | AMAL | AMAL | AAAL | : SdAL | AMAL | GdAL 
WALLL “AO SQUIA OHOG SOUIA SIMOVS X00 }SQUIAOI'IOd 
tsanwow 
~9C6L-CCK6L LAOMLOANNOD NI ANOYINAG SLLIONINGJY OLdASY HLI\Y GALVIOOSSY SASOMIA ANOG YOU ATAMAG AGOGLLNY PNIZIIV? 








Volume 51 POLIOMYELITIS AND ASEPTIC MENINGITIS 115 
Number | 

unvaccinated group, and more among those vaccinated. This confirms a num- 
ber of observations as to the greater potency of type 2 antigen in the vaccine. 


Poliomyelitis type 3 Nt antibody survey: Fig. 4, illustrating the same pat- 
tern, shows even more vividly the lack of antibodies in the unvaccinated popu- 
lation. 

Selected Coxsackie and echo viruses were used to sereen the sera at a 
1:10 dilution for the presence of Nt antibodies. Sera showing titers of 1:10 
or greater were considered as having previous infection with the agent. The 
sera donors were grouped into two age categories, those 0 to 14 years of age 
and persons over 14 years of age. These data, plus comparable poliomyelitis 
antibody titers from nonvacecinated donors are listed in Table XV. 

Fifty-eight per cent (28 of 48) of the unvaccinated children demonstrated 
antibodies for poliovirus type 1, while 35 per cent (17 of 48) and 23 per cent 
(11 of 48) demonstrated antibodies to types 2 and 3, respectively. Even 
though a higher percentage of the adults was positive, 18 per cent (11 of 61) 
of the adults tested failed to demonstrate any poliomyelitis antibodies. 

The prevalence of Coxsackie A9 antibodies was essentially the same as 
for the polioviruses with 20 per cent of the children and 49 per cent of the 
adults being positive. For the Coxsackie B viruses, using essentially the same 
sera, 11 per cent of those under 15 years had B1 antibodies, 33 per cent B2, 23 
per cent B3, and 27 per cent B4, while among the adults, 6 per cent had BI 
antibodies, 38 per cent B2, 40 per cent B3, and 61 per cent B4. 

Antibodies against 4 echo viruses were tested in a similar manner. Among 
those under 15 years of age, 19 per cent showed echo-2 antibodies, 6 per cent 
echo-5, 17 per cent echo-6, and 9 per cent echo-9, while among the adults the 
corresponding figures were 36, 16, 23, and 19 per cent, respectively. 

Mumps C.F. antibody determinations were carried out, using the viral an- 
tigen, on 104 sera donors. Among the children, 64 per cent showed antibodies 
while 76 per cent of the adults demonstrated antibodies. 


DISCUSSION 
Found by other observers and reflected in our data is the high degree of 
laboratory confirmation of paralytic poliomyelitis and the low frequency of 
poliovirus infection among cases of aseptic meningitis, all too often reported as 
nonparalytic poliomyelitis. Thus any evaluation of the incidence of poliomye- 
litis must consider seriously to what extent nonpoliomyelitis infections are in- 
cluded. The poliovaccine has no influence on the occurrence of aseptic menin- 

gitis due to these echo and Coxsackie viruses. 


The frequency of isolation of Coxsackie and echo viruses from aseptic men- 
ingitis cases, both from stools and occasionally from cerebrospinal fluids, and 
in endemic and epidemic occurrences, has led to the belief that these viruses 
may represent true etiologic agents of this syndrome. The age, sex, and seasonal 
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distribution, as well as the clinical course of the illness, simulates that of con- 
firmed nonparalytic poliomyelitis. Families into which these agents were in- 
troduced, regardless of viral type, demonstrated the apparent ease with which 
these agents spread and the high frequency of asymptomatic infection, again re- 
flecting the similarity of these enteric viruses. 

Among those tested in Connecticut, antibodies for the nonpolioviruses were 
found less prevalent than for the polioviruses. This may be a true reflection of 
their lesser prevalence, or the weaker antigenicity of the Coxsackie and echo 
viruses in stimulating a detectable titer using the techniques followed in this 
study, or it may indicate that the antibody response is relatively transitory. 
The fact that most eases occurred in children, although the adults showed a 
higher prevalence of antibodies, tends to lessen the likelihood of the latter 
possibility. However, it must be appreciated that antibody levels found might 
vary with the technique used and also with the antigen inducing the infection. 
As for poliomyelitis, antibodies of lower titers were noted among vaccinated 
children and unvaccinated adults as compared with recently infected children. 


SUMMARY 

Data collected over a 2-year period in Connecticut from cases of poliomye- 
litis and aseptic meningitis are presented. Poliomyelitis cases whose para- 
lytie status was established by muscle evaluation during convalescence were 
readily confirmed by laboratory tests for virus and antibody. There were in- 
stances in which poliomyelitis occurred among the Salk-vaccinated popula- 
tion, but the attack rate for all forms of laboratory confirmed clinical polio- 
myelitis was much less in the vaccinated group. 

From cases of aseptic meningitis, all presenting essentially the same clini- 
sal features, a variety of viral agents were isolated. Poliovirus type 1 and 
echo virus type 6 were the most common agents encountered among the isola- 
tions in monkey kidney tissue culture. However, a variety of agents were en- 
countered, depending on the tests employed. Coxsackie viruses that showed 
no eytopathogenic changes in tissue culture, could be isolated by using suck- 
ling mice, yet other stools containing Coxsackie virus detectable in tissue eul- 
ture failed to produce paralysis in mice in some instances. Coxsackie A9 was 
isolated in two instances from the cerebrospinal fluid of patients who were 
also exereting the virus in their stools. From a few of the cases in which no 
viral agent could be isolated, paired sera showed laboratory evidence for re- 
cent mumps infection. 

Contact studies revealed that the attack rate for the echo-6 and Coxsackie 
A9 and B3 viruses in a family was high, similar to that of poliovirus. 

Serologic surveys were carried out for the polioviruses as well as a num- 
ber of the other enteric viruses (echo types 2, 5, 6, and 9, and Coxsackie B1, 
B2, B3, B4, and A9) demonstrating a similarity in prevalence for many but 
not all of these agents. 


In confirmation of many other observations, poliomyelitis vaccine in- 
creased the polio antibody prevalence and decreased the incidence of clinical 
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poliomyelitis in the vaccinated group. In contrast, the vaccine had no effect 
on prevalence of aseptic meningitis due to Coxsackie or echo viruses. 


1, 


2. Adair, C. V., Gauld, R. L., and Smadel, J. E.: 
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ARTERIOVENOUS SHUNTING IN PALMAR ERYTHEMA; THE 
EFFECT UPON BLOOD AMMONIA DETERMINATIONS 


Curtis J. Fisuer, M.D., Ropert E1icu, M.D., anp WiLtuiAM W. Fatoon, M.D. 
Syracuse, N. Y. 
WitH THE TECHNICAL ASSISTANCE OF BARBARA CHILD, B.S. 


HE association of palmar erythema with arteriovenous shunting of blood in 

the hand has been demonstrated by Silverstein’ in patients with hepatic 
cirrhosis. In his studies, exelusion of the erythematous palm from the circulation 
resulted in a marked fall in the oxygen content of antecubital vein blood in 
contrast to a slight decrease observed in patients without palmar erythema 
This observation may be of considerable significance in studies of tissue meta- 
bolism as measured by arteriovenous differences when the antecubital vein is 
used. As a specific example, in studies of ammonia metabolism in hepatic 
disease the possibility exists that with the use of antecubital venous blood the 
presence of significant arteriovenous shunts in the erythematous palm may 
lead to falsely high ammonia levels. 

Bessman and Bradley*® have noted that arterial blood ammonia concentra- 
tions are significantly greater than venous concentrations and accordingly have 
postulated that peripheral utilization of ammonia occurs. In venous cathe- 
terization studies Faloon and associates* have demonstrated a rise in blood am- 
monia concentration across the lungs, thereby suggesting the possibility that 
inereasing the oxygen concentration of blood may yield an increase in the 
apparent blood ammonia value. This effeet of oxygen upon the blood ammonia 
determination has also been noted in in vitro studies.*.> Regardless of whether 
peripheral utilization, oxygen effect, or a combination of these represents the 
true interpretation of the findings, the shunting of arterial blood into veins in 
patients with palmar erythema may introduce an error in studies in which 
blood ammonia is measured in the antecubital vein. 

In an attempt to determine the extent to which palmar erythema does 
affect venous blood ammonia values studies of blood ammonia and oxygen in 
patients with and without palmar erythema have been performed. 


MATERIAL AND METHODS 


A total of 19 studies were performed on 17 patients, one patient having been studied 
3 times. Of the 17 patients 16 were white and one was a Negro. There were 15 men and 2 
women. The types of liver disease are shown in the tables. Seven patients exhibited evidence 
of hepatic encephalopathy at some time during their hospitalization. Two patients (E. W. and 
M. G.) were studied while exhibiting the neurologic changes of hepatic encephalopathy. 
Twelve patients exhibited marked palmar erythema and 5 had minimal or no palmar erythema. 

From the Department of Medicine, State University of New York, Upstate Medical Cen- 
ter, The University Hospital of the Good Shepherd and the Veterans Administration Hospital, 
Syracuse, N. Y. 

Supported in part by a grant from Parke, Davis & Company, Detroit, Mich. 
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Arterial and antecubital venous ammonia determinations were performed in 10 patients and 
venous concentrations alone were determined in 7. Femoral vein ammonia determinations 
were performed in 3 patients. In 5 patients simultaneous oxygen and ammonia concentrations 
were determined. 

In those patients in whom arterial blood was studied, an indwelling Cournand needle 
was placed in the brachial artery. Blood was drawn from an antecubital vein with minimal 
stasis before, during, and after exclusion of the palm from the circulation. Exclusion of the 
palm was accomplished by the use of a sphygmomanometer cuff placed around the wrist and 
inflated above systolic pressure for at least one minute prior to sampling. The postexclusion 
samples were obtained from 5 to 15 minutes after the return of the hand to the circulation. 

Blood ammonia was determined by a modification of the method of Conway® using a 
10-minute diffusion period begun 3 minutes after the blood was drawn. Blood was placed in 
a bottle previously washed with carbon dioxide and containing potassium oxalate. The normal 
value, in venous blood, by this method is 31 meg. NH,-N, (s.d. + 11) per 100 ml. 

Oxygen content and capacity were determined by the method of Van Slyke and Neill.7 


RESULTS 

Because of the small sample and the wide range of overlap of the results in 
the two groups of patients, valid comparison of the A-V difference in ammonia 
before exclusion could not be made. Although not statistically significant the 
average A-V difference was smaller in those patients with palmar erythema 
(15 meg. per 100 ml.) than in those without erythema (23 meg. per 100 ml.). 

A marked decrease in the venous ammonia concentration occurred with 
exclusion of the palm from the circulation in all exeept one (A. S.) of the 
patients with palmar erythema. The average exclusion values were 47 per cent 
(range 27.5 to 75.9 per cent) of the pre-exelusion levels (Table I). Upon return 
of the palm to the circulation the average ammonia concentration equaled 
100 per cent (range 57.9 to 161.2 per cent) of the control values. 

One patient with palmar erythema (A. S.) showed an increase in ammonia 
concentration upon exclusion of the palm from the circulation. These results 
were confirmed by repeating the study the same day. Several months later, 
however, when the same procedure was repeated, a significant fall in ammonia 
concentration occurred with exelusion of the palm (Table I). 

In the 3 patients with erythema in whom oxygen saturations were studied, 
exclusion of the palm resulted in a significant fall in venous saturation and an 
increased arteriovenous difference in oxygen saturation confirming the presence 
of an arteriovenous shunt (Table IT). 

In 2 of the 3 patients in whom femoral vein ammonia determinations were 
obtained, the ammonia concentration was identical with the antecubital vein 
concentration during exclusion of the palm. In the third patient, the femoral 
vein coneentration was midway between the antecubital vein concentrations 
prior to and during exclusion (Table IIT). 

In the 5 patients with minimal or no palmar erythema no change occurred 
in the blood ammonia concentration with exclusion of the palm from the eir- 
culation (Table I). In one patient, however, the postexclusion ammonia was 
markedly increased above the control and exclusion values. 

Study of oxygen saturations in two of the patients in this group failed to 


reveal a decrease in venous oxygen saturations with exclusion of the palm (Table 
II). 
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Ill. Comparison or ANTECUBITAL AND FEMORAL VEIN AMMONIA CONCENTRATION 
(NH,-N, mca./100 ML.) 


ANTECUBITAL VEIN | 
PRIOR TO DURING FEMORAL 
PATIENT DIAGNOSIS EXCLUSION EXCLUSION VEIN 
4. W. Cirrhosis 79 40 40 
ro Ge Cirrhosis 111 81 82 
hepatoma 
M. G. Cirrhosis 121 48 87 


DISCUSSION 

The decrease in ammonia concentrations observed with exclusion of the 
palm may be attributed to either of two mechanisms: (1) an effect of oxygen or 
other characteristics of arterial blood upon the ammonia determination or (2) 
the exelusion of the arteriovenous shunts may allow for more accurate reflection 
of tissue metabolism by antecubital venous blood. If the observed changes in 
ammonia are due to the effect of oxygen it should be noted that a linear cor- 
relation with the changes in oxygen saturation has not been observed (Table II). 

The observation that femoral vein ammonia concentrations were lower than 
antecubital concentrations indicates that in the presence of palmar erythema 
the antecubital vein ammonia may be erroneously high. This is substantiated 
by the fact that with exclusion of the palm antecubital venous ammonia con- 
centrations decreased significantly and were similar to those in the femoral vein. 

The rise in blood ammonia after removal of the euff which occurred in 
patient E. T. cannot be explained unless a technical error in the ammonia 


determination occurred in either the pre- or postexclusion determination. It 
would appear unlikely that the exclusion itself produced tissue changes resulting 
in ammonia production or that reflex vasodilation occurred in view of the fact 
that such a postexclusion rise was not regularly seen in other patients. 


The results observed in one patient who demonstrated a rise in ammonia 
with exclusion of the palm on two separate sets of determinations in one day 
and subsequently, several months later, demonstrated a fall are difficult to 
explain except on the basis of technical error or by hypothesizing that the tissue 
metabolism changed between the two sets of studies. These studies were per- 
formed at room temperature; it is possible that extremes of temperature may 
alter these results. 

Despite the conflicting interpretations of arteriovenous differences by 
various investigators, the presence or absence of palmar erythema appears 
to be of significance in studies of ammonia metabolism. 

SUMMARY 

Arterial and antecubital venous blood ammonia determinations were per- 
formed in patients with liver disease prior to, during, and after exclusion of the 
palm from the cireulation. 


A significant decrease in the ammonia coneentration of antecubital venous 
blood occurred with exclusion of erythematous palms from the cireulation but 
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no change was observed in patients without palmar erythema. Antecubital 


venous oxygen concentrations were similarly altered by exclusion of the erythem- 
atous palm. 

The presence of arteriovenous anastomoses in palmar erythema has been 
confirmed. The presence of such shunts may introduce an error in studies 
of other tissue metabolites when arterial-antecubital vein determinations are used. 
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SITES OF ORIGIN AND REMOVAL OF BLOOD AMMONIA FORMED 
DURING GLYCINE INFUSION: EFFECT OF L-ARGININE 
DANIEL NaTHANsS, M.D.,.* Jonn L. FAuey, M.D., AaNp ArTHUR G. Sup, M.D.** 
BETHESDA, Mp. 


INTRODUCTION 


HE more widespread use of amino acids in parenteral nutrition and clinical 

investigation has resulted in renewed interest in the toxicity of these com- 
pounds. One form of toxicity, evidenced by vomiting, convulsions, coma, or 
death, oceurs when certain naturally occurring amino acids are administered 
parenterally to fasted animals or man, and is associated with a rise in the blood 
ammonia concentration.'~* 

While studying the toxicity of certain L-amino acid mixtures in rats, Green- 
stein and co-workers’ * observed that L-arginine protected against the acute toxic 
effects of these mixtures and prevented the associated blood ammonia rise. 
Najarian and Harper® demonstrated the effectiveness of L-arginine in correcting 
the blood ammonia elevation due to glycine infusion in dogs. In similar ob- 
servations in man, Fahey* showed that L-arginine prevented the blood ammonia 
rise resulting from intravenous administration of glycine or of an arginine-de- 
ficient L-amino acid mixture. 

The efficacy of L-arginine in preventing or correcting the ammonia rise due 
to amino acid administration suggests its use in other clinical situations asso- 
ciated with elevated blood ammonia levels. It would be helpful in assessing the 
clinieal usefulness of arginine to know (1) where ammonia is released into the 
cireulation and where it is removed during amino acid infusion, (2) in what 
organ(s) arginine acts to lower the blood ammonia, and (3) whether arginine 
causes increased ammonia removal from the blood or diminished ammonia re- 
lease. The present study in dogs was undertaken to answer these questions, 
using glycine as the administered amino acid. 


MATERIALS AND METHODS 


Amino Acids.—Glycine was obtained from Nutritional Biochemicals Corporation, Cleve 
land, Ohio. L-Arginine, which was used as the monohydrochloride, was obtained from Mann 
Research Laboratories, Inc., New York, N. Y. Each was free from other amino acids as 
demonstrated by paper chromatography. 

Animals.—Adult mongrel dogs of both sexes, weighing 9 to 14 kilograms, were used. 
They were fed ‘‘Red Heart’’ dog food sufficient to maintain weight, but food was with 
held for 24 to 36 hours prior to each experiment. The animals were under sodium pento- 


barbital anesthesia throughout the experimental period. 
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immonia Determination—Ammonia was determined in duplicate by the method of 
Seligson® using heparinized whole blood immediately after it was withdrawn. 

Procedures.—Hepatic vein and pulmonary artery catheterizations were performed through 
the jugular vein under fluoroscopic control. In the initial studies, the position of the hepatic 
vein catheter was confirmed at autopsy or by demonstrating a significant arteriovenous Brom 
sulphalein difference after the intravenous injection of this dye.? The renal vein catheters 
were introduced through a femoral vein and positioned at laparotomy. Portal vein blood 
was obtained by direct puncture. Blood from peripheral vessels (femoral artery, femoral 
vein, jugular vein) was taken through indwelling Cournand needles. The procedure for 
hepatectomy was a modification of that first described by Firor and Stinson,’ and consisted 
of total removal of the liver after the segment of inferior vena cava passing through the 
liver was replaced with a siliconized glass tube. In one group of experiments the portal vein 
was anastomosed to the sidearm of the tube; in another group, the portal bed organs were 
removed. The hepatectomized animals received 5 per cent dextrose in water intravenously 
throughout the study. Nephrectomy was performed by ligating the renal pedicles and ex 
cising both kidneys. 

Experimental Design.—In each experiment, following the particular surgical procedure 
and/or catheterizations, glycine was administered intravenously at a constant rate of 0.25 
mM (19 mg.) per kilogram per minute for approximately 90 minutes, using a Bowman 
infusion pump. About 60 minutes after the start of glycine, L-arginine was injected intra 
venously within one minute in a total dose of 1.2 to 1.4 mM (250 to 290 mg.) per kilogram 
(approximately 6 per cent of the total moles of glycine). Blood ammonia concentration 
was determined nearly simultaneously in various vessels at intervals during each experiment. 
As will be noted, in one group of experiments L-arginine was given together with the glycine. 

Calculation of Venous-arterial Ammonia Differences.—Most of the results will be ex 
pressed in terms of the venous-arterial differences in ammonia concentration across a given 
organ or tissue. This value was obtained by subtracting the arterial (femoral) blood am 
monia concentration from the ammonia concentration in the venous blood draining the 
particular organ. A positive value indicates ammonia release; a negative value, ammonia 
removal, In the ease of the liver, which has a dual blood supply, the venous-arterial (V-A) 
difference used was the hepatic vein-arterial difference unless explicitly noted. The V-A 
difference across the lung was obtained by subtracting the pulmonary arterial ammonia con 
centration from the ammonia concentration in the femoral artery. 


RESULTS 

Normal Fasted Dogs.—The arterial ammonia concentration of fasted anes- 
thetized dogs varied between 1.0 and 1.8 png of ammonia nitrogen per milliliter 
of whole blood. The average of 34 observations in 15 dogs was 1.40 + 0.22 (s.d.) 
pg NH,-N/ml. Renal and portal vein blood had a higher ammonia concentration 
than arterial blood (Table I, B and C). The ammonia concentration of hepatic 
vein blood was considerably lower than that in the portal vein and usually 
slightly less than the arterial level (Table I, A). There was no consistent 
venous-arterial difference in the limbs, head, or lungs (Table I, D, E, and F). 

Blood Ammonia Changes With Glycine Infusion.—Ten experiments were 
performed in 8 dogs, and the results are presented in terms of venous-arterial 
ammonia differences in Table I. Two experiments are presented in more detail 
in Figs. 1 and 2. During intravenous glycine administration to the normal 
fasted animals, additional ammonia was added to the blood in the liver and 
kidneys (positive V-A difference, Fig. 1, B and (, and Table I). That the 
ammonia came from the liver itself and not from the portal bed is shown by 
the experiment illustrated in Fig. 2, in which the hepatic vein blood ammonia 
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concentration exceeded both the arterial and portal vein levels (Fig. 2, A). 
Also, the portal vein-arterial ammonia difference did not increase when glycine 
was given (Fig. 2, C and Table I, C). 

As the arterial ammonia concentration increased during glycine infusion, 
ammonia was removed in the head and in the limbs. There was little change 
in ammonia coneentration as the blood traversed the lungs (Table I). 


TABLE I. VeENOUS-ARTERIAL AMMONIA DIFFERENCES ACROSS THE LIVER, KIDNEY, PORTAL 
Bep, Limps, HEAD, AND LUNGS BEFORE AND DURING GLYCINE INFUSION 
AND AFTER L-ARGININE INJECTION 


V-A NH, DIFFERENCE* | 
(ag NH,-N/ML. BLOOD ) MAXIMUM 
| | 20 MIN. AFTER ARTERIAL 
DOG NO. | BEFORE GLYCINE | DURING GLYCINE ARGININE NH,t 
A. Lwer : ; Peer ee i‘ eS a 
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16b 
15 
B. Kidney 
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7 
18 
16b 
19 
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| 
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C. Portal Bed 


216 


D. Limb 

lla .20 
l6a 10 

18 0 
23 40 
7 10 
16b .05 

19 0 
30 
05 


E. Head 
.30 
—0.20 
—0.20 
+0.30 


F. Lungs 
29 0.0 —0.25 —0.10 
30 +0.15 +0.20 —0.0 5 
28 0.20 








*A positive value indicates ammonia release by the organ; a negative value, ammonia 
removal 


+During glycine infusion. 
tHepatic vein — Portal vein NHs difference. 
$Rate of glycine infusion 0.18 mM/Kg./min. 
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Effect of t-Arginine.—A 60-minute infusion of glycine, without injection 
of arginine, caused a marked rise in blood ammonia concentration, which con- 


tinued to rise after cessation of the infusion and resulted in the death of the 
animals. When L-arginine (1.2 to 14 mM/Kg.) was injected intravenously 
during the glycine infusion, the arterial ammonia concentration fell rapidly, 
and concomitantly there was abrupt cessation of ammonia release by the liver 


followed by net removal of ammonia in this organ (Figs. 1 and 2 and Table 
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Fig. 1.—Changes in blood ammonia concentrations and venous-arterial differences across 
the liver, kidney, and hind limb in Dog 1la during glycine infusion, before and after L-arginine 


administration. 

I, A). These animals survived with no apparent ill effect. Arginine did not 
affect the V-A ammonia difference of the kidneys, portal bed, or lungs. The 
changes in limb and head V-A ammonia differences noted in Fig. 1, D and 
Table I, D and E, are probably related to the fall in arterial ammonia concen- 
tration and not specifically to arginine administration. Similar changes in 
peripheral V-A ammonia difference accompany the fall in arterial ammonia 
concentration at the end of an infusion of ammonium salts.® 
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In two experiments, including one in which the rate of glycine administra- 

tion was less than 0.25 mM/Kg./min., the hepatic vein blood ammonia concen- 

tration never exceeded the arterial level (Table I, A, Dogs 21 and 11b). In 

each of these instances the arterial concentration rose only moderately, and 

arginine caused only a slight drop in the arterial ammonia concentration (from 

4.8 to 4.0 ng NH;-N/ml. in Dog 21 and from 3.7 to 2.8 in Dog 11b). The results 

of these experiments may be explained by assuming that there was insufficient 
depletion of arginine during the period of fasting. 
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2.—Changes in blood ammonia concentrations and venous-arterial differences across the 
liver and portal bed in Dog 22. 





Fig 


When L-arginine was infused simultaneously with glycine, the liver removed 
ammonia from the blood continuously, and the arterial ammonia concentration 
inereased only slightly (Fig. 3). The renal V-A ammonia difference was essen- 
tially the same as when glycine was given alone, again indicating that arginine 
does not affect renal ammonia production during glycine infusion. 

Effect of Hepatectomy.—Five hepatectomized dogs were studied. After 
hepatectomy an elevation of the arterial blood ammonia concentration was evi- 
dent. This was greater when the gastrointestinal tract was intact (portacaval 
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shunt) than when the portal bed organs were removed, an observation consistent 
with the previous demonstration of ammonia release from the intestinal tract. 
When glycine was infused into two of these animals, a further rise in the arterial 
ammonia level ensued and the injection of L-arginine had no effect (Fig. 4). 
Of note is the fact that the renal V-A ammonia difference increased during 
glyeine infusion even in the absence of the liver (from 0.7 to 3.5 »g NH;-N/ml. 
in Dog 31 and from 0.6 to 8.5 in Dog 19). 

Effect of Bilateral Nephrectomy.—Nephrectomy had no acute effect on the 
ammonia concentration of arterial or hepatie vein blood in the two dogs studied. 
Ammonia release in the liver and marked elevation of the arterial ammonia con- 
centration occurred during glycine infusion. As in the intact animal, injection 
of L-arginine caused abrupt cessation of ammonia release by the liver and a 
rapid fall in the arterial ammonia level. 

DISCUSSION 

Ammonia Production—The observations in the normal fasted dog that 
ammonia is released into the blood by the kidneys and portal bed organs and 
removed in the liver are in accord with those previously reported for the 
dog’® ™ and for man.** *° 


Hepatic ammonia production following intravenous injections of glycine 
has been demonstrated by Bornstein,’* and renal ammonia production, by Polo- 
novski and associates.** The present study confirms these observations with 
the use of different chemical and experimental methods. 

Whether the liver or the kidney is quantitatively more important in am- 


monia release during glycine infusion cannot be answered directly from the 
results of the present study, since blood flow measurements were not done. 
However, the absence of the usual marked rise in the arterial ammonia con- 
centration whenever the liver failed to release ammonia suggests that the liver 
is probably the major source of the excess ammonia in the blood during glycine 
infusion. This is further supported by a comparison of the rise in arterial am- 
monia concentration in the nephrectomized animals with that observed in the 
hepatectomized animals. The latter group, with only the kidneys to produce 
ammonia, showed a much smaller rise in arterial ammonia during glycine in- 
fusion than did the nephrectomized animals with livers intact. 

When glycine is infused, the increased blood ammonia may be derived 
directly from glycine by deamination, indirectly by deamination of an interme- 
diate compound, or from nitrogen sources other than the administered amino 
acid. In favor of direct deamination of glycine as the mechanism of ammonia 
production is the correlation between the known presence of glycine oxidase in 
the liver and kidneys of many mammalian species** and ammonia release solely 
by these organs. Although the activity of this enzyme in vitro is quite low 
at physiologic pH and substrate concentration,” in the presence of large amounts 
of glyeine (for example, during intravenous infusion) its activity may be 
significant.’* 

The possibility that an intermediate between glycine and ammonia (e.g., 
glutamine) is first formed and that this intermediate compound is then de- 
aminated has not been ruled out. However, renal ammonia release in the 
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absence of the liver would indicate that in any ease the liver is not needed for 

ammonia production by the kidney. Similarly, hepatic ammonia production is 
not dependent on the kidneys. 


L-Arginine activity: Previous observations demonstrated that L-arginine 


g 
would prevent or correct the blood ammonia rise and associated toxicity caused 
by intravenous infusion of glycine or certain other amino acids,’ * * but did 
not indicate whether arginine caused (1) inereased removal of ammonia from 
the blood or (2) diminished release of ammonia into the circulation. The results 
of the present study show that arginine acts both to curtail ammonia release and 
to accelerate ammonia removal, at least when glycine is the amino acid used. 
It acts solely in the liver and has no effeet on ammonia release in the kidney as 
estimated by V-A differences. 

The essential changes in ammonia formation and removal produced by 
arginine are presented diagrammatically in Fig. 5. 

The hepatic site of arginine activity is consistent with its role in the Krebs- 
Henseleit urea evele.'* In the fasted dog receiving glycine a relative deficiency 
of arginine apparently limits the rate of conversion of ammonia to urea, so that 
some of the ammonia formed in the liver escapes into the blood. When arginine 
is supplied, urea synthesis is accelerated” * 7° and the liver no longer releases 
ammonia but actually removes it from the incoming blood. 

In considering the potential usefulness of L-arginine in clinical states asso- 
ciated with elevated blood ammonia concentrations, it should be emphasized that 
one of the major effeets of arginine in lowering the high blood ammonia due 
to glycine infusion is the prevention of ammonia release by the liver. However, 
in most elinieal conditions where the blood ammonia is high, ammonia release 
by hepatic cells does not oceur,'* '® but rather the elevated blood ammonia is 
due to addition of ammonia directly into the systemic cireulation. This occurs, 
for example, in patients with extensive portal-systemie collaterals, allowing am- 
monia of intestinal origin to by-pass the liver, or in patients receiving ammonium 
salts intravenously. In these circumstances arginine ean lower the blood am- 
monia only by accelerating ammonia removal in the liver. Whether such in- 
creased removal would be sufficient to lower significantly the high arterial am- 
monia concentrations in these clinical conditions is vet to be answered. Of note 
in this regard is the observation that in none of the present experiments did 
arginine return the arterial ammonia concentration to normal during the period 
of observation. Furthermore, in the two experiments in which the liver failed 
to release ammonia, arginine caused only a slight fall in the arterial ammonia 
concentration. These persistently elevated ammonia levels may have been due 
to continued release of ammonia into the systemie circulation by the kidneys. 

The need for L-arginine (or related amino acids of the urea cycle) to pre- 
vent ammonia toxicity during amino acid administration in man has already 
been demonstrated,* and studies are now underway to determine its therapeutic 
value in other clinieal states associated with an elevation in blood ammonia. 


SUMMARY 


In the normal fasted dog ammonia was added to the blood in the kidneys 
and portal bed and was removed in the liver. 
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(ilveine given intravenously resulted in ammonia release into the blood 


in the liver and additional ammonia release by the kidneys, with concomitant 


rise in the arterial ammonia concentration. At high arterial levels ammonia 
was removed in the extremities and head. 

L-Arginine injected intravenously during the glycine infusion produced 
an abrupt cessation of ammonia release by the liver and caused this organ to 
remove ammonia from the incoming blood. A rapid fall in arterial ammonia 
concentration occurred. Arginine did not affect ammonia release or removal 
by any organ tested other than the liver. 

The possible therapeutic significance of the capacity of L-arginine to prevent 


ammonia release at an important site of ammonia formation is discussed 
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LABORATORY METHODS 


BFLOCCULATION TESTS FOR TULAREMIA 


CHARLES A. HuNTER, Pu.D., Rurw Burporrr, A.B., AND BERNICE COLBERT, B.S. 
ToreEKA, KAN. 


HE agglutination test is one of the most useful and reliable methods for 
[i diagnosis of tularemia. Francis and Evans' reported on a study 
of the agglutination reaction in tularemia. Also, Ransmeier and Ewing? 
reported on the presence of agglutinins in 87 nonfatal cases and 10 
fatal cases of tularemia. It was found that the variation in turbidity of anti- 
gen exerted some effect on the titer of antitularensis and antiabortus serums. 
Wright and Feinberg* have studied the reaction of a polysaccharide of 
Pasteurella tularensis with erythrocytes, the agglutination of sensitized cells 
by antiserum, and the inhibition of agglutination by free polysaccharide. 

In previous reports on the flocculation test for brucellosis, Hunter and 
Colbert® > have shown that an antigen consisting of cholesterol, lecithin, and 


brucella extract could be standardized to a definite specificity and sensitivity 


and that tests were reproducible. Furthermore, the tests were rapidly per 
formed and very easily read. Therefore, it seemed reasonable that tularensis 
flocculation antigen and tests could be developed. This paper reports the 
results of this work. 


MATERIAL AND METHODS 


Preparation of Antigen Extract.—The tularemia antigen was prepared by growing P 


tularensis (No. 38 NIH) on Bacto-Cvstine heart agar plus 5 per cent sheep blood for 48 
hours at 35° C. The organisms were washed off with 0.85 per cent saline containing 0.25 


per cent phenol. Additional phenol was added so that final concentration was 2 per cent. 
rhe suspension of organisms was allowed to stand in the refrigerator at approximately 8 
(. for 10 days. It was then dialyzed against running tap water for 72 hours or until phenol 
free, using Dupont No, 300-A cellophane. The suspension was centrifuged at 2,500 r.p.m. 
for 30 minutes, the supernate was made isotonic by the addition of NaCl, and Merthiolate 
was added to make a 1:10,000 dilution. This tularensis extract was kept either in a Deep 
freeze or in the refrigerator. 


Lecithin Lecithin (ex-beef) in absolute aleohol was diluted in absolute ethyl alcohol 


so that the amount of lecithin was 10 mg. per milliliter or a 1 per cent solution. 

Cholesterol: This was a 1 per cent cholesterol (ash free, precipitated from alcohol for 
Kline test) solution in absolute alcohol. 

Other reagents: Distilled water (approximately pH 6.0); 0.85 per cent solution of 
NaCl ( Mallinkrodt, AR); 1 per cent solution of NaCl (Mallinkrodt, AR); and Eagle’s buffered 
saline, pH 7.4. 

{pparatus: The equipment necessary to perform these tests is found in almost any 
laboratory performing the serologic tests for syphilis. 
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Preparation of Serum.—The serum was separated from the clots by centrifuging and 


pipetting or decanting. 


The serum was heated at 56° C. in a water bath for 15 minutes. Serum to be rerun 


the following day should be reheated for 5 minutes at 56° C., 


Preparation of Antigen Emulsion.—To the bottom of a 30 ml. round glass stoppered 
bottle having a flat bottom (Corning 90530, stopper No. 14) 0.85 ml. of distilled water (ap 


proximately pH 6.0) was pipetted. While rotating the bottle, 1 ml. of 1 per cent cholesterol 
vas added, drop by drop, and rotation was continued for 20 seconds. Then 0.1 to 2.5 ml. of 
| per cent lecithin was added and shaken vigorously for 15 seconds. (The exact amount of 
lecithin to use must be determined by standardization according to method discussed later. In 
most instances the amount of lecithin will be 0.15 ml. Titration is necessary for each new lot 


of lecithin and/or tularensis extract. \ predetermined dose (0.05 to 0.2 ml.) of tularensis 
extract was added and shaken vigorously by striking the bottom of the bottle against the palm 
of the hand for 1 minute. The amount or dose of tularensis extract to use must be deter 
mined for each lot of extract. The method of standardization is presented later. Finally, 
2.5 ml. of Eagle’s buffered saline was added and shaken less vigorously for 30 seconds. The 


emulsion is usable immediately and if refrigerated may be used for 24 hours. It 
recommended, however, that 


antigen 1s 


a fresh antigen emulsion be made up and used the same day. 
Standardization of Antigen. 


Standard antigen: The level of sensitivity and specificity for a standard antigen was 


ascertained by comparing the results of the flocculation test with the 


agglutination test on 


titrated so that the results 


several hundred human sera. All flocculation antigens were then 
vere comparable to the standard. The flocculation antigen is the only tularensis antigen thus 
far standardized to a definite sensitivity and specificity. 

Vethod of standardizing antigen: In the preparation of antigens for the various floc 
culation tests for syphilis, the authors have found that experiments must be conducted to de 


termine the optimal ratio of reagents used. Antigens must be prepared using various ratios 


and concentrations of eardiolipin, lecithin, and cholesterol so that the antigen will give the 


g 
same sensitivity and specificity as the standard. The same is true in standardizing the tularensis 
antigen, the only difference being that tularensis extract is used in place of cardiolipin. The 


standardization was done by making 30 antigen emulsions by mixing each of 0.05, 0.1, 0.15, 


0.2, and 0.3 ml. of tularensis extract with 0.0, 0.05, 0.1, 0 


15, 0.2, and 0.25 ml., respectively, 
of 1 per cent lecithin. 
The microscopic slide and tube flocculation tests were run on at least 10 sera of 


arious reactivity with each of the 30 antigen emulsions. The ratio of tularensis extract 


and lecithin giving the same sensitivity and specificity as the standard antigen emulsion 
was determined. Once this ratio was determined for a particular lot of tularensis extract, 
it could be used until this lot of extract was exhausted. In other words, it is necessary to 
standardize each lot of tularensis extract only once. 

Complete Antigen.—In order to simplify the preparation of the antigen emulsion it was 
possible to combine the cholesterol, lecithin, and tularensis extract into one reagent. After 
standardizing the antigen according to directions previously described, then the combina 
tion could be carried out. For example, if the composition of antigen emulsion was 1 ml. of 
L per cent cholesterol, 0.15 ml. of 1 per cent lecithin, and 0.10 ml. of tularensis extract, then 


the combined antigen would contain 100 ml. of 1 per cent cholesterol, 15 ml. of 1 per cent 


lecithin, and 10 mil. of tularensis extract. The lecithin was added to cholesterol, mixing 


well, and the tularensis extract added slowly with adequate shaking. The dose of this 
completed antigen would be 1.25 ml. It should be stored at room temperature. Prepara 
tion of the antigen emulsion with complete antigen was as follows: To the bottom of a 
round glass stoppered bottle having a flat bottom (Corning 90530, stopper No. 14) 0.85 ml. 
of distilled water (approximately pH 6.0) was pipetted. While rotating 1.25 ml. (1 dose 
of complete tularensis antigen was added, drop by drop, and then shaken vigorously for 15 
seconds, Finally, 2.5 ml. of Eagle’s buffered saline was added and shaken less vigorously 
for 10 seconds. 
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Vicroscopic Slide Test.—Ilt is recommended that twofold dilutions of serum be made 
ranging from 1:10 to 1:640. Into paraffin or permanent ring glass slides 0.05 ml. of the 
serum dilutions were pipetted. One drop of antigen emulsion was added to each serum dilu 
tion using an 1S gauge needle, with bevel removed, held perpendicularly. This needle should 
deliver SO to 85 drops of antigen emulsion. The slides were rotated for 4 minutes on a 
mechanical rotator at a speed of 180 r.p.m. and read immediately at a magnification of 100. 
Positive and negative serum and saline controls were always run. The reactions were 
recorded as follows: positive, P (+), large and medium sized clumps; weakly positive, 
WP (+), small clumps; negative, N , no clumping. 

The titer of the serum obtained by the micoscopie slide test will not be comparable 
to that obtained by the tube test or by the agglutination test. The ratio of the serum 
0.05 ml.) to the antigen (0.0125 ml.) is 4:1, while in the tube test it is 1:1. 

Vac oscopu Tube Test. 

Preparation of diluted antigen emulsion: The antigen emulsion as prepared for the 
iicroscopic slide test should stand for at least 1 hour at room temperature before diluting 
1:5 with 1 per cent sodium chloride solution. This diluted antigen must stand for at least 

inutes before use. 

Procedure for performing the macroscopic tube test: Twofold dilutions of serum were 
made in 0.85 per cent NaCl ranging from 1:10 to 1:640. The volume of each dilution in 
the test tube (13 100) was 0.5 ml. To each tube 0.5 ml. of diluted antigen was added. 
Che final dilutions then ranged from 1:20 to 1:1,280. The tubes were shaken on a Kahn 
shaker for 5 minutes and then centrifuged for 10 minutes at 1000 x G which was obtained by 
ising a No. 2 International Equipment Company centrifuge at 2,000 r.p.m. with No. 925 
head and No, 926 rack. Then the tubes were shaken on a Kahn shaker for exactly 1 

ute and the tests were read immediately by holding in front of a reading lamp with 
background. The results were recorded as follows: positive, P (+), large clumps and 
vr slightly turbid medium; weakly positive, WP (+), small clumps in a cloudy med- 
negative, N , ho clumps and uniform turbidity which gives a swirl similar to that 
in a mixture of blood and saline. 

{yglutination Test—The agglutination test and the tube flocculation test were per 
formed on approximately 2,500 human sera. The agglutination test was performed using 
6.5 ml. of the diluted serum plus 0.5 ml. bacterial antigen. The bacterial antigen was prepared 
by using P. tularensis (No. 38 NIH) grown on Bacto-Cystine heart agar with 5 per cent 
sheep blood. After incubation at 35° C. for 48 hours the growth was washed off in 0.5 per 
cent formalin. The turbidity of the suspension was standardized by the Coleman spec- 
trophotometer to give 50 per cent transmittance at a wave length of 600 mu. The tests 


were incubated in the water bath for 3 to 4 hours at 50° C. and refrigerated overnight. 
RESULTS 


The results of the agglutination test and the flocculation tube test on 20 
sera, Which are representative of approximately 100 sera, are given in Table 


[. Also, ineluded in this table are the results of the brucella flocculation test. 


It can be noted that the flocculation test gave a higher titer than the agglutina- 
tion test. Furthermore, the results with the flocculation test were clear-cut, 
much easier to read, and were reproducible. Francis and Evans,’ and Rans- 
meier and Ewing? have reported on the cross agglutination of tularemia sera 
with brucella antigens. From the results given in Table I it will be noted 
that only 3 out of 30 sera gave a reaction in low dilutions with the bruecella 
flocculation test. Table II gives the results of the agglutination test and tube 
flocculation test with both Brucella abortus and Pasteurella tularensis rabbit 
immune sera using brucella and tularensis antigens. With the rabbit immune 
sera immunized with either Br. abortus extract or the whole organisms it will 
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FLOCCULATION TESTS FOR TULAREMIS 


be noted that with the tularemia flocculation test there were no cross reactions. 
In the agglutination test for tularemia, two of the 5 sera did show some cross 
reaction. With the 2 rabbit sera immunized with P. tularensis the agglutina- 
tion test for brucellosis gave some cross reaction while the brucella flocculation 
tests were negative. 


TABLE III. ABSORPTION OF TULAREMIA IMMUNE SERUM WITH TULARENSIS 
ANTIGEN EMULSION AND TULARENSIS EXTRACT 


SERUM DILUTIONS 

Tularensis | 

antigen emulsion 160 320 
Before absorption P P 
First absorption WP N 
Second absorption N N N 
Tularensis extract 

after first 

absorption N N N N 


4 positive WP weakly positive: N negative 


In order to determine if the tularensis extract was antigenically specific, 
experiments were carried out by absorbing tularensis antisera from rabbits 
with the tularensis extract. The results of these experiments are given in 
Table IIT. It will be noted that the agglutinins for tularensis were absorbed 
out with tularensis extract as well as with tularensis antigen emulsion. How- 
ever, with the antigen emulsion the antiserum had to be absorbed twice. This 


is what one would expect since the amount of tularensis extract is present in 
very small amount. 


DISCUSSION 

The data present in this report have shown that an extract of P. tularensis 
can be adsorbed on cholesterol in the presence of lecithin to produce a floe- 
culating antigen in which the sensitivity and specificity can be adjusted to 
the standard antigen. It has also been shown that the tests are reproducible and 
that no cross reaction occurs with brucella serum. 

When a cross reaction between the agglutination or flocculation tests does 
occur in human serum it is difficult to determine whether the patient has 
previously had one or the other infection. An interesting case illustrating this 
statement occurred in our laboratories. In May, 1955, a serum was received 
from an individual with request by the physician that the agglutination tests 
be run. The results were a titer of 1: 320 for tularemia and negative for 
brucella. Another specimen from the same patient was received in December, 
1955, in which the titer for tularemia was 1:320 and for brucella 1:80. The 
clot was cultured and Br. abortus was isolated. Sinee Br. abortus was isolated 
from this patient in December it was concluded he had brucellosis. It is also 
suggestive that he had tularemia in May and later developed brucellosis. If the 
blood from this patient had been examined in December without isolating 
Brueella, it would no doubt have been interpreted that the individual had 
tularemia with some cross reaction with brucella. 

During the fall and winter of 1956-1957 a very marked increase was noted 
in reactive bloods to the flocculation test for tularemia. In fact, the increase 
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was so great that our epidemiologist contacted the attending physicians of 
these cases and the laboratory results were confirmed with clinical findings. 
At the same time, the State Fish and Game Department reported that rabbits 
were dying and desired an investigation as to the cause. However, due to in- 
sufficient personnel in the State Board of Health it was not possible. Several 
years ago the rabbit population decreased very markedly and at that time P. 
tularensis was isolated from some sick and dead animals. 

In developing the flocculation test for tularemia the many years experi 
ence in working out the tests for brucellosis was utilized. The preparation 
of a suitable extract of the organisms and establishment of a standard antigen 
was determined by comparison of the results of the flocculation test with the 
agglutination test on a large number of sera. 

There were many reasons for using cholesterol instead of red cells or 
colloidin. One of the reasons being that it is not possible to standardize an 
antigen with either red cells or colloidin. With cholesterol a nonantigenie, 
purified chemical is used in a definite concentration thus producing a rather 
constant number of erystals. Furthermore, the experience of producing an 
antigen for the serology of syphilis in which the cholesterol is coated with 
cardiolipin in the presence of lecithin has proved successful in producing a 
test which is reproducible. This reproducibility is due to the fact that the 
antigen can be standardized to a definite sensitivity and specificity, the proce 


dures of conducting the tests are controlled and the results very easily read. 


The experience of many years has shown that no other laboratory test has the 
reproducibility of the serologic tests for syphilis. A similar situation exists 
with the flocculation tests for brucellosis and for tularemia. 


SUMMARY 

1. Methods of producing a cholesterol, lecithin, turlarensis extract anti 
gen emulsion for a microscopic slide and macroscopic tube flocculation test 
have been deseribed. 

2. The sensitivity and specificity of the antigen emulsion could be ad 
justed to conform to the standard antigen emulsion. Method of standardizing 
the antigen emulsion is deseribed. 

3. The procedure of making a complete antigen and the method of making 
the antigen emulsion using the complete antigen is given. 

4. Data are presented showing the antigen emulsion to be specific. 

>. The flocculation tests are rapidly performed, the results are clear-cut, 
and easily read. The tests give reproducible results and the titers are higher 
than with the agglutination test. 
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A SIMPLE FLUID MEDIUM FOR DIPHASIC FUNGI 


SHIRLEY McMILLEN, M.S. 
CuHicaco, Ib. 


I1E increasing awareness of systemic mycoses has led to a widening study of 
their microbiologic properties. Such studies would be ereatly facilitated by 
use of a culture medium which would allow long-term preservation of large num 
bers of strains. The simple fluid medium of Little and Subbarow' has been ap- 
plied to the cultivation and preservation of the medically important diphasice 
fungi. 
MATERIALS AND METHODS 


The medium as described by Little and Subbarow! has been modified in common 
practice by the use of dried human blood-clot pellets rather than pow dered rabbit blood. 
Human blood clots are dropped into boiling water for 15 min., rinsed in cold water to re 
move loose particles, drained, and stored in the refrigerator overnight. Pellets are cut le 
to 4 inch thick, spread thinly on trays and dried at 37° C. The pellets should be agitated 
once or twice a day for 3 days to obtain even dehydration. The dried clots are then ready 
for use or may be stored without deterioration for as long as 2 vears in tight screw-capped 
jars. 

The broth component is prepared fresh of 2 per cent peptone, 0.5 per cent NaCl, and 
.2 per cent glucose in distilled water adjusted to pH 7.5. 

The medium is combined in a ratio of 1 Gm. dry pellets to 30 or 40 ml. broth, and 


sterilized by autoclaving at 121° C, for 15 minutes. 


RESULTS 

The medium, dispensed in Army-type, rubber-stoppered vaccine bottles, was 
inoculated with pure .veast phase cultures of Blastomyces dermatitidis (12 
strains), Histoplasma capsulatum (2 strains), and Sporotrichum schenkii (1 
strain) in triplicate. Such preparations remained in viable veast phase for one 


at 37° C., was transferred to 20° C. for storage. These were all viable and in 


year when maintained at 37° C. A second group, after cultivation for 2 months 


relatively smooth veast phase after 2 vears and 4 months. The third group of 
the same organisms, after 2 months at 37° C., was transferred to the refrigerator 


at 5° C. These were all viable at 18 months and in yeast phase, but quite rough. 


In addition, conversion to yeast phase was regularly obtained from pure 


filamentous inoculum of these fungi. The conversion was slower for most strains 
than oceurs on solid medium. However, two strains of Blastomyces dermatitidis 
which were difficult to convert and maintain in yeast phase on brain-heart blood 
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agar, became smooth and stable after 4 months at 37° C. in the fluid medium. 
As with solid medium conversion, Sporotrichum schenkti was the slowest to con- 
vert in the fluid. 

Recovery of cultures from the fluid medium was made repeatedly by sterile 
needle and syringe without disturbing the original stock preparation. A few 
drops of broth sprayed or streaked on brain-heart blood agar or Sabouraud’s 
agar yielded isolated colonies of the phase desired. When larger amounts of 
inoculum were required, a quantity of the broth was centrifuged and the sedi- 
ment used for seeding. The degree of smoothness of the recovered yeast phase 
varied with the strain, but all usually beeame creamy in 2 or 3 rapid transfers. 
The filamentous cultures also required 2 or 3 transfers before producing normal 
sporulation. 

Some attempt was made to utilize adjuvants to inerease the yield and 
smoothness of the yeast growth. The addition of eystine seemed to aid in the 
conversion of Histoplasma and Sporotrichum in this medium but did not in- 
fluence the growth of Blastomyces. The addition of yeast extract improved the 
quantity and quality of the yeast phase growth of B. dermatitidis, but was detri- 
mental to the growth of Histoplasma and Sporotrichum. Additives to the basic 
medium are unnecessary for routine preservation of strains. 

Quantity growth of B. dermatitidis and H. capsulatum in this medium was 
tested by using a variation of the technique for growing Trypanosoma cruzi. 
The clot pellets and a portion of the broth were enclosed in a dialysis membrane 
to prevent contamination of the cells by clot fragments, and the membrane was 
suspended in the inoculated broth. A good yield of packed yeast cells was re- 
covered by centrifugation of the broth portion at the end of 3 weeks’ incubation 
at 37° C. 

Other organisms, both mycotic and bacterial, can be maintained in this 
medium. Cryptococcus neoformans, Candida species, Nocardia species, and 


various Mycobacterium species grow well and are apparently stable. 


SUMMARY 


1. The eclot-peptone broth in rubber-stoppered vaccine bottles permits pres- 
ervation of veast phase cultures of Blastomyces dermatitidis, Histoplasma cap- 
sulatum, and Sporotrichum schenkivi for at least 2 years without transfer. 


2. The same organisms will convert from filamentous inoculum to yeast 
phase after extended ineubation at 37° C. 


» 


3. Cultures ean be recovered easily in either yeast phase or filamentous form 
without destroying the original stock preparation. 


4. The medium is practical for the quantity production of yeast phase 
growth of these organisms, and may prove equally useful for the long-term 
preservation of other fungi and bacteria. 
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MICROESTIMATION OF SERUM CHOLESTEROL AND ESTERS ON 
FINGER-TIP BLOOD 
Harotp L. RoseNTHAL, PH.D., ANp Lois Jup, M.T. (ASCP) 
ROCHESTER, N. Y. 


ILE need for a simple and accurate microassay for cholesterol and cholestero! 

esters in serum prompted us to develop a method suitable for use with 0.05 
ml. of serum, an amount easily obtainable by finger-tip puncture. 

The procedure we have developed makes use of the sensitive iron reagent 
introduced by Zlatkis and associates,? as modified in this laboratory,’ and re- 
quires the minimal equipment and glassware available in all laboratories. 


METHODS 

1. Reagents 

Tron reagent: Prepared as described by Rosenthal, Buseaglia, and Pfluke.* 

Digitonin solution (0.5 per cent): Place 0.5 Gm. digitonin (Hofman LaRoche Co.) in a 
graduated eylinder. Add 53 ml. ethyl aleohol (95 per cent), 1 ml. of 10 per cent acetic acid, 
and dilute to 100 ml. with water. Mix to dissolve. Filter immediately before use. 

tcetone-alcohol: Mix 1 part acetone with 1 part ethyl alcohol (95 per cent 

Glacial acetic acid: Analytical reagent grade, 

Cholesterol standard: Stock standard: Dissolve 111 mg. dry cholesteryl acetate (East 

an Kodak Co.) in 100 ml. acetone-aleohol solution (1 ml. 1 mg. cholesterol 

Working standard: Dilute 5 ml. of stock standard to 100 ml. with acetone-aleohol solu 
tion. 

B, Experimental Details —The absorption spectrum of the purple condensation product 
of pure cholesterol with ferrie iron in acid solution, as prepared in the analytical procedure, 
exhibits a complex spectrum with a predominant major peak absorbing at 560 ma which is 
useful for colorimetric analysis (Fig. 1, Curve A). However, shoulders with considerable 
absorptivity occur between 370 to 430 mu and 430 to 519 mg. The analogous spectrum of an 
equivalent amount of cholesterol digitonide exhibits an even more complex distribution of 
absorption maxima at 384, 426, 476, and 560 my (Fig. 1, Curve B). The increased absorbance 
at wave lengths below 500 mu with cholesterol digitonide is due to the reaction of digitonin 
itself which reacts with the iron reagent to yield yellow colors (Fig. 1, Curve C). How 
ever, digitonin contributes minimal absorbance in the vicinity of 560 mg. The lack of inter 
ference of digitonin at this wave length makes the determination of cholesterol esters in 
the presence of digitonin possible. The inclusion of digitonin makes the final reaction 
product appear orange red rather than purple due to the masking effect of the yellow 
compounds absorbing below 500 ma. 

The formation of the colored reaction product of the cholesterol iron complex in the 
presence of constant amounts of digitonin follows Beer’s law in a fashion similar to that 
for free cholesterol or its esters as adequately reported by other investigators.2 

C. Procedure.—With the above information and the conditions of the reaction previously 
defined,’ it was possible to develop an accurate micromethod for analysis of cholesterol as 
deseribed below. Cutaneous blood, obtained by puncturing the finger, ear lobe, or heel, is 
collected in heparinized capillary tubes as described by Natelson and associates.‘ 


1. Extraction: To a graduated centrifuge tube containing about 2 ml. acetone 


aleohol solution, add 0.05 ml. serum and mix. Place tube in a boiling water bath and bring 
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» 


solvent just to boiling. Remove tubes, cool to room temperature and adjust volume to 2.0 
ml. with acetone-aleohol. Stopper, mix, centrifuge tubes quickly, and decant supernatant 
extract for analysis. 

2. Fractionation of cholesterol and esters: Place 2 ml. of extract in a glass-stoppered 
centrifuge tube. Add 1 ml. filtered digitonin solution and mix tube by tapping. For the 
estimation of total cholesterol, immediately remove 1 ml. of mixture and place in a 50 mi. 
Erlenmeyer flask. Evaporate solvent on steam bath (85° C.) until residue is dry 


of warm air or nitrogen may facilitate drying. 
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Fig 1 Absorption spectra of reaction product for cholesterol, cholesterol digitonide, 
and digitonin with the iron reagent. The spectra were obtained with a Beckman DU spectro- 
photometer and a 1 ecm, light path. Curve A, cholesterol, & sg mi. final reaction mixture. 
Curve B. cholesterol digitonide, 33 yuz/mi. final reaction mixture. Curve C, digitonin, 50 gg/ml 
final reaction mixture. 


The remaining digitonin-extract mixture is tightly stoppered to prevent evaporation 
and allowed to stand at least 4 hours or overnight to precipitate the free cholesterol. After 
complete precipitation, centrifuge the tubes quickly and decant supernatant solution into 
& test tube. Pipette 1 ml. of supernatant into a 50 ml. Erlenmeyer flask and evaporate 
solvent on steam bath until residue is dry. 

For routine analysis, a standard and reagent blank are prepared with 2 ml. of work 
ing standard and 2 ml. of acetone-alcohol, respectively, which are carried through the 
fractionation procedure deseribed above. 

3. Colorization: To the drv residues add 2.5 ml. glacial acetic acid and mix to dis 
solve residue. Add 2 ml. iron reagent to form a laver beneath acetic acid. Mix gently 
but thoroughly by rotation of flask, and allow the color to develop at room temperature 
for 30 minutes. Determine the absorbance of standard and unknown samples at 560 mg with 
the instrument adjusted to 0 absorbance against the reagent blank. We have found the 
Coleman Junior spectrophotometer with 12 * 75 mm. cuvettes or the Sheard Sanford 
colorimeter to be satisfactory. 

4. Calculations: Although cholesteryl acetate is used as the standard, all calcula 
tions are in terms of cholesterol, The equation is used for both total and esterified 
cholesterol. 

Au 


)- 
2500 mg./100 ml. 
As 


_ 


standard cholesterol (0.1 mg./tube); Au absorbance of 
unknown; As absorbance of standard. 





SERUM CHOLESTEROL AND ESTERS 


ister cholesterol 


Total Roleateral 100 per cent esterified cholesterol. 
OUa Chnotles ero 
RESULTS 


The validity of the cholesterol microanalytical procedure proposed in this 
report was determined by comparing the method with an acceptable existing 


macro procedure. The data were obtained on unselected serum samples from 


the routine laboratory. Total cholesterol was determined on acetone-aleohol 


extracts of serum by the method of Zak and associates, 


as modified in this lab- 
oratory. The fractionation of cholesterol and 


cholesterol esters was accom 
plished essentially in accord with the procedure of Sperry and Webb.° Final 
estimations of cholesterol and esters were performed with the iron reagent of 
Rosenthal and associates. All determinations were performed in duplicate. 
As shown in Table I, the micro procedure compares favorably with the 
macro procedure. <A statistical analysis of the comparative data by means of 
TAB COMPARISON BETWEEN THE MICRO- AND MACROANALYTI PROCEDURE FOR 
CHOLESTEROL ANALYSIS 
NO. OF 
DETERMINA- | MACROANALY- | MICROANAL) 


y 
TIONS 


SIS 
Total « y./100 ml. 18 
Range 

Esters, per cent of total 

Range 


*Standard error. 


Student's *‘t’’ test indieates no significant difference between the mean values 
of the maero and micro procedures. Recovery studies for total cholesterol were 


performed on serum samples to which cholesteryl acetate was added. The 


samples were then extracted and analyzed in duplicate by the proposed pro- 
cedure 


The recovery of added cholestery! acetate, shown in Table II, is satis- 
factors 


F AbDDED CHOLESTERYL ACETATE AND CHOLESTEROL BY THE MICRO 
ANALYTICAL PROCEDURI 


NO. OF ADDED IVERED 
DETERMINATIONS MG 100 ML. CENT 


stery] 


‘etate 


sterol 


Cholestery] 


acetate 
*Standard deviation. 
The miero procedure measures the amount of esterified cholesterol remaining 


in the supernatant following precipitation of free cholesterol with digitonin. In 


order to test the completeness of digitonin precipitation, recovery studies were 
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performed by adding cholesterol to a group of sera and determining the amount of 
added cholesterol remaining in the supernatant solution. On analysis, it was 
found that precipitation of the added cholesterol was complete and none was 
recovered in the supernatant as shown in Table II. Further recovery studies 
were performed by adding cholesteryl acetate to sera and determining the quan- 
tity of added ester remaining in the supernatant. It is evident (Table II) that 
added cholesteryl acetate was completely recovered in the micro procedure. 


DISCUSSION 

The proposed cholesterol micro procedure derives its advantage from the 
ability to determine both total and ester cholesterol directly on the same aliquot 
of extract derived from 0.05 ml. of serum. Sinee the iron reagent vields the 
same color equivalent with either free or esterified cholesterol, * preliminary 
saponification of serum cholesterol esters is not necessary. The micro pro- 
cedure described in this report is especially suitable where large numbers of 
sera must be analyzed routinely since the direct determination of cholesterol 
esters remaining in solution following digitonin precipitation of **free’’ choles 
terol eliminates the lengthy and troublesome process of washing cholesterol 
digitonide precipitates. It is evident from the recovery data that the inclusion 
of digitonin does not interfere with the procedure. 

Although it is not the purpose of this report to discuss the precipitation 
of cholesterol with digitonin, it is pertinent to note that the digitonin step is 
the least precise aspect of cholesterol analysis. It was observed during this 
study that serum extracts do not show any visible precipitation for at least 3 
to 5 minutes after the addition of digitonin solutions. In contrast to serum 
extracts, solutions of pure cholesterol begin to precipitate within a minute fol- 
lowing digitonin addition. Cholesteryl acetate was selected for the standard 
in order to avoid the possibility of improper sampling of the standard solution 
prior to the removal of an aliquot for total cholesterol estimation. In order 
to avoid digitonin separation, Wycoff and Parsons' have recently developed an 
clegant procedure for separating cholesterol and its esters by chromatographic 
separation of serum extracts on silica gel columns. However, the preparation 
of columns for routine analyses may be tedious, time consuming and not suit- 


able to the analysis of many samples. 


SUMMARY 


A micromethod for estimation of cholesterol and its esters in 0.05 mil. of 


serum is reported. The method compares favorably with existing macro pro 


cedures. 
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AN IMPROVED TECHNIQUE FOR ASSAY OF C'%O, IN EXPIRED AIR 
USING THE LIQUID SCINTILLATION COUNTER 
DONALD S. FREDRICKSON, M.D., anp Katsutro Ono, M.S. 
BretTHespa, Mp. 


MAJOR problem in clinical and biologie investigations involving the use 
A of carbon'*-labeled materials in vivo is the assay of the isotope in the ex 
pired air. The necessary restriction of dosage to a few microcuries, especially 
in normal control subjects, often requires measurement of C™O, of very low 
specific activity. The preparation of barium carbonate samples is cumbersome 
and involves the limiting factor of self-absorption when assays are made by 
eonventional flow-gas counting. This has been overcome under certain condi- 
tions by the use of gas proportional counters and, more recently, by ion-chamber 
counting. An elegant method using the latter technique has been reported by 
saker, Talbert, and Marcus' permitting continuous assay of expired C™Q,. 
However, these methods usually require either careful precautions to purify the 
gas sample or instruments of very limited availability. The reeent development 
of commercially available liquid scintillation spectrometers has afforded a 
greatly widened opportunity for assay of the weaker beta emitters at low ae- 
tivity levels. Since the phosphors now in use require the use of organie sol- 
vents, the counting of appreciable quantities of carbon dioxide was not possible 
until the ingenious use of a quaternary amine for dissolving carbonate in toluene- 
methanol mixtures was reported by Passmann, Radin, and Cooper.2 These 
workers trapped carbon dioxide as sodium or barium carbonate, then transferred 
it to the organic base by liberation with acid in a diffusion vessel. The primary 
trapping of carbon dioxide in aqueous base from large (1 to 2 liters) samples of 
expired air and subsequent transfer to small volumes of amine solution is im- 


practical, however, and it has been found feasible to eliminate this step. A 
system is deseribed which utilizes direct collection of carbon dioxide in the 


organi¢ base, permitting the rapid determination of total and specific activities 
of expired CO, with a minimum of time and manipulation. The method may 
be adapted to analysis of air samples separately collected from humans or large 
animals, or for continuous direct collection of carbon dioxide expired by smaller 
ammals such as the rat. 
MATERIALS AND METHODS 
Chemicals.—Hyamine 10-X (methylbenzethonium chloride) was obtained from Rohm 


and Haas Co., Philadelphia, Pa. The amine-chloride was recrystallized 4 times from toluene 


and converted to the base as described by Passmann and associates.2 A stock solution (1.0 
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M) was prepared in methanol and subsequently diluted for use. 2,5-Diphenyloxazole (DPO 
was obtained from Pilot Chemicals, Waltham, Mass. Reagent grade methanol and toluene 
were used without further purification. 

iter.—The liquid scintillation counter used was a Tri-Carb liquid scintillation spee 

Packard Instrument Co., La Grange, Il. 
Gas Analyses.—Carbon dioxide in standard gas mixtures was determined in a Scholander 


ras analyzer which had been previously calibrated with a Haldane burette. 


The analytie train used for trapping the carbon dioxide from accurately 


ippa atus 
measured volumes of expired air is shown in Fig. 1 It consists of the following units, 


connected serially: A. Douglas bag, made of nylon and rubber, containing the expired air. 
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chematic drawing of the system for C™O: analysis. 1, Douglas bag B, pump 
D, COs trapping manifold BE, Ba(OH):s safety trap; F, spirometer G, gas 


Diaphragm activated Dynapump* which is fitted with a simple throttle as indicated. 
trap Dry Ice—acetone). D. Trapping manifold, consisting principally of two 

iigh, made from glass tubing of 10 mm. LD. and fitted with ground-glass 

s with stopeocks. The U-tubes are readily detachable from the remaining 

upper horizontal limb of the manifold is fitted with two three-way stopeocks 

use of both U-tubes in series, or the by passing of one or both. The proximal 

U-tube is foreshortened to minimize the column of ‘‘dead’’ air to be pushed 


trapping solution ahead of the actual air to be analyzed. E. Gas bottle contain 
OH), solution, utilized as an indicator of trapping efficiency. F. Spirometer (obtained 
Sanborn Co., Cambridge, Mass.). G. Gas meter (made by the American Meter 

ie 
Method.—The analytic procedure consists in the rapid passage of a measured volume 
dry air through a solution of Hyamine in methanol. All of the carbon dioxide is removed 
and the amount present determined by titration with dilute acid. A separate aliquot of the 
trapping solution is added to a toluene-DPO solution for assay of radioactivity in the 

scintillation counter. 

When analysis is made of samples of expired air first collected in a container such as 
a Douglas bag, the procedure is as follows. Ten milliliters of a 0.5 M methanolic solution 
of Hyamine are placed in one of the U-tubes, which is then placed in position. The stop 


cocks isolating it from the rest of the manifold are closed. The bag is connected to the 


*Obtained from Fisher Scientific, Pittsburgh, Pa. 





Volume $1 ASSAY OF ©140. IN EXPIRED AIR 149 
umber | - 


pump and about 3 liters are flushed through the system exclusive of the U-tube and the 
spirometer. The spirometer is then connected, the stopeocks on the manifold are adjusted 
to direct the flow through the amine solution in the U-tube, and the desired sample is pumped 
through into the spirometer. A rate of flow up to 800 ml. per minute may be used with 
100 per cent trapping efficiency. A convenient sample volume is about 2,000 ml. This volume 
of air expired by a quietly breathing human contains roughly 3 mM CO, or 40 per cent 
less than the capacity of the 0.5 M amine-base solution. After the pump is stopped, the 
U-tube is sealed by readjustment of the stopcocks and the spirometer volume recorded. A 
duplicate sample may then be similarly collected in the alternate U-tube, and finally the re 
maining contents of the bag drawn through the meter for calculation of the total volume, and 
thus the total radioactivity expired. The U-tubes are removed and the trapping solution 
drained into a graduated vessel, with a 0.5 ml. methanol rinse. To a 1 mil. aliquot, 5 ml. 
of 3 per cent aqueous BaCO, solution, and one drop of phenolphthalein are added and the 
cloudy solution is titrated with 0.1 HCl until the pink color disappears. For the most ae 
curate blank it has been found best to reproduce the exposure of the amine to room ait 
involved in the analyses by placing 10 ml. of the trapping solution for a few minutes in a 
U-tube closed from the rest of the manifold. The solution is then handled identically to 
the actual samples. The milliequivalerts of amine base (R,OH) replaced by carbonate 
are calculated by difference between blank and sample titrations. Comparison with CO, 
analyses obtained by the Scholander technique indicates the displacement of base by carbonate 
to be stoichiometric on a mol:mol basis. Two milliliter aliquots of the trapping solution 
are also added to the 20 ml. scintillation counter vials containing 15 ml. of 400 mg. per cent 
solution of DPO in toluene. The radioactivity in the vial is counted after chilling to —10° C. 
The specific activity in c.p.m./mM CO, is then readily calculable. Exact determination of 
total expired carbon!4 in the air collected requires correction of the sample volume for the 
partial volume of the CO, removed. This may be done simply by adding to the volume 
recorded on the spirometer the product of: mM CO, in the sample, as obtained by titration, 
times the volume oceupied by 1 mM of gas. (This volume is 24.2 ml. at 24° C. and 760 
mm.; no correction for water vapor is required, since the dry air is re-equilibrated with this 
gas in the spirometer bell, at the time the volume is measured. 

In experiments involving small animals such as the rat, carbon dioxide may be collected 
directly for long continuous periods or samples taken intermittently. The animal is placed 
in a suitable metabolism chamber, ideally a glass tube with minimal dead space. The 
chamber is connected proximally to a source of CO,-free air and distally to the pump (Fig. 
1, B). The effluent air is then directed through alternate U-tubes, allowing time for rinsing 
and refill. Ten milliliters of 1 M amine base in methanol will suffice to capture all the CO, 
expired by a 250 gram rat in approximately 45 minutes, using a flow rate of about 600 
ml, per minute. Simpler trapping systems may also be employed for these direct collections 
such as the substitution of gas bottles for the manifold. If larger volumes of trapping 
solution are desired, the methanolic amine solution may be diluted with toluene. This re- 
duces the quenching effect due to methanol and permits larger aliquots for counting. Such 
dilute solutions are then titrated with very dilute alkali using a microburette. 

Counting.—The addition of the methanolic amine solution to the toluene-DPO mixture 
reduces the efficiency of counting. As deseribed by Passmann, Radin, and Copper,? quenching 
has been found to be due to both the presence of methanol and the Hyamine. In the 
aliquots used, the presence or absence of carbonate (final concentration 0.0 to 0.8 mM CO,) 
does not affect quenching. With each series of analyses, the quenching effect is determined 
by addition of a standard solution of toluene-soluble, carbon14-containing material to vials 
containing the amounts of methanol-amine solutions employed in assaying the CO, samples. 
No uniform correction factor can be employed for all batches of the amine, since in prep- 
aration of the amine base, small variable amounts of amine-chloride remain, unconverted 
to base. The total amine concentration is thus not obtainable by titration. 


The absolute detection efficiency for C14 in the carbonate samples prepared in this 
manner was estimated by collection of labeled gas liberated from a 


Bureau of Standards 
The diffusion technique of Passmann and associates? was used and the 


t 


solution of NaH(140,,. 
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C140, was trapped in 0.5 M amine solution in methanol. Assuming liberation and recovery 
of theoretical amounts of the CO,, the efficiency obtained was approximately 29.5 and 23.4 
per cent in vials containing 1 and 2 ml., respectively, of 0.5 M amine solution in methanol 
diluted to 17 ml. with toluene-DPO solution. The detection efficiency for palmitic acid-C'%4 
n toluene-DPO alone was 54 per cent when identical photomultiplier voltage and pulse 


height discrimination were employed. 
RESULTS 

The reproducibility of sampling from a standard CO,-air mixture is within 
an error of + 0.5 per cent as indicated by the experiment shown in Table I. 
Also indicated in this table is a comparison of analyses of the same gas mixture 
by the Seholander technique and by the present method. In the latter method 
the CO. content was ealeulated from the titrations by assumption of a mol :mol 
ratio of carbonate to amine base. On this basis, the agreement obtained was 
excellent. Repeated experiments have been made in which gas mixtures con- 
taining approximately 5 per cent of both labeled and nonlabeled CO. have been 
passed serially through amine solution contained in both U-tubes. At rates 


of flow up to 800 ml. per min., all of the earbon dioxide has always been recovered 
in the first tube. 


TABLE I. COMPARISON OF ANALYSES OF CO, CONTENT OF STANDARD CO,-AIR MIXTURE BY THI 


PRESENT TECHNIQUE WITH THE SCHOLANDER GAS ANALYSIS METHOD 


mM CO, PER LITER 
(mine 1.99 
Amine 1.97 
Amine 1.97 
Amine 1.99 


Scholander 1.98 


DISCUSSION 

The present technique expands the versatility of liquid scintillation count 
ing to include the rapid analysis of CO, in large samples of expired air. The 
elimination of the step involving primary isolation of carbonate in aqueous base 
greatly reduces the time and operations required for analysis with no sacrifice 
in sensitivity or reproducibility. Six to eight analyses per hour ean easily be 


completed, exclusive of the time required for counting. Accurate measurement 


of the specifie activity and total radioactivity in the expired C™O, may be ob- 


tained from a two liter sample of air from a human subject expiring less than 
| x 10° me per minute. We have successfully employed this method in the de- 
termination of the radioactivity expired by humans for many hours after the 
intravenous administration of long chain fatty acids in doses of 0.001 to 0.005 
mie. 

Where determination of specifie activity only will suffice, equipment much 
simpler in design may be utilized. A simple U-tube may be substituted for the 
manifold (Fig. 1, D). Less accurately measured volumes of air may be passed 
through the amine using devices less costly than the pump and spirometer. For 
example, the displacement of water from a large calibrated jar may be used for 
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this purpose. The removal of water vapor has been found to be essential, how 
ever, to prevent cloudiness in the amine-methanol-toluene mixture. No signifi- 
cant loss of CO. through solution in the water vapor sequestered in the Dry-Ice 
acetone trap has been detected. 

SUMMARY 


A rapid and efficient system is described which facilitates the analysis of 


CO, in large samples of expired air. The method employs a modification of 
the method of Passmann, Radin, and Cooper,’ using methylbenzethonium chloride 


(Hyamine-10-X) for solubilization of carbonate in toluene. The initial step in 
volving trapping in aqueous base has been eliminated. Radioactivity is measured 
in a liquid scintillation spectrometer. The total C'*O, radioactivity and specific 
activity in air from a human expiring less than 1 x 10° me. per minute may 
be accurately measured with a minimum of time and manipulation. The direct 
trapping and analysis of earbon dioxide expired by small animals is also de- 
seribed. 

The authors wish to express their appreciation to Mr. Freeman Bradley for Scholander 


gus analyses and to Dr. Frank Eisenberg for several helpful suggestions. 
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OBJECTIVE INTERPRETATION OF PRECIPITATE PATTERNS IN 
AGAR DIFFUSION PRECIPITIN PLATES 
Ropert K. JENNINGS, PH.D. 
CuicaGo, ILL. 


IMPLE diffusion techniques, of which the Oudin tube’ is the prototype, 

lend themselves to accurate instrumental measurements of the course of 
diffusion as indicated by the progressive deposition of specifie precipitate. 
Double diffusion plates of the Ouchterlony type,? on the other hand, offer 
several advantages with respect to the identification of particular precipitin 
systems in complex mixtures, but have largely been interpreted on the basis 
of subjective judgment of the forms taken by the precipitates deposited. The 
triangle plate® combines the advantages of the two techniques, retaining the 
‘‘built-in’’ control arrangement typical of the Ouchterlony plate but permit- 
ting interpretations to be based on accurate measurements of the geometry of 
the precipitate pattern. 


The plate illustrated in Fig. 1, 4 was devised by William Kenny, of Skill Alliance, 
and offers several advantages over the earlier models previously described.* These plates, 
which may be purchased from A. S. Aloe, have recessed bottoms which are not scratched by 
contact with the desk, and do not have the notches previously used to guide the knife in 
lividing the agar. Instead, the special knife illustrated is guided by flanges fitting over 
the outside of the plate. Three milliliters of 1 per cent clarified agar containing buffered 
saline and preservative will harden in such a plate to form an equilateral triangle with 
50 mm. sides. The knife is then pressed into the agar, and the corner quarter remaining 
exposed is removed, as shown (Fig. 1, B), by means of a spatula. Any remaining agar or 
fluid may be removed with tissue. 

The knife is then withdrawn, and the depot is refilled (Fig. 1, ©) with 0.5 ml. of 
| per cent agar containing the appropriate solution of antigen or antibody. When this has 
hardened, the process is repeated on each of the two remaining corners. 

The resulting arrangement, like the Ouchterlony plate, presents three depots separated 
from each other by an intervening arena of saline agar into which all reactants must diffuse. 
The unknown may be placed in one depot and an indicator solution—antibody, where the un 
known is an antigen, or vice versa—in a second. It the identity of the unknown is in ques 
tion, a reference reactant known to form precipitate with the indicator may be placed in 
the third depot, or, if desired, a second specimen of the unknown may be examined under 
conditions identical to the first, as shown in Fig. 2. 


RESULTS 


Zone Formation in the Triangle Plate——Precipitate in the agar of a diffu- 


sion-precipitin plate or tube marks the location of equivalent concentrations 


of antigen and antibody established at the point observed in the course of 
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diffusion. Diffusion-precipitin anal:sis is therefore a matter of estimating the 
advance of molecules falling into the category dictated by the ability to form 
specific precipitate, one which may or may not correspond to the categories 
into which the physical chemist would divide the components of the mixture 
subjected to assay. Thus, a bacterial culture filtrate may contain toxin 
molecules which qualify as antigen and polymers of those molecules which 
will be considered the same antigen by the test employed, even though they 
may differ markedly in those properties which determine the diffusion coeffi- 
elent. 


G D 

Fig. 1 Preparation of triangle plate 4, Plate, showing recessed bottom and use of 
knife. B, Preparation of reactant depot C, Filling depot D, Plates with typical zones, after 
8 hours’ diffusion Petri dish used to provide atmosphere saturated with water vapor during 
incubation is shown on right 

In effect, we neglect all the molecules which do not possess the necessary 
label of immunologic specificity, and consider the behavior of all those that 
do, however physically heterogeneous the labeled population may be. Fur- 


thermore, we make our observations, not on the behavior of the population as 


a whole, but on one particular definitive concentration within the gradient of 
concentrations established by diffusion. In assays such as those performed by 
Becker and associates,* by Rubinstein,’ and by Glenn® using the advance of 
the zone away from the antigen depot in an Oudin tube as the measurable 
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attribute, the definitive concentration will vary from experiment to experi- 
ment being equivalent to the concentration of indicator employed. A slow 
zone, resulting from the use of a high concentration of antibody in the agar 
column, will nonetheless be reflecting the same things as will a more rapid 
zone moving through a more rarefied atmosphere of antibody: namely, those 
properties of the antigen solution which control the expansion of the gradient 
as a whole. These are, first, the number of identifiable molecules seeking 
escape from the depot and, second, the average speed with which the indi- 
vidual molecule advanees. The definitive concentration is a particular number 
of specifie determinant groups which will be a given distance from the source 
in a short time if the average labeled molecule is small and symmetrical, or 
which will arrive at the same point after a longer period if the molecules are 
such as to move more deliberately. It is convenient to think of the gradient 
as rank upon rank of isobars, representing the momentary location of a par- 
ticular number of determinant groups, each more or less parallel to the source 
of diffusion and moving away from it at a characteristic rate determined by 
concentration and diffusion coefficient—if we may use that term in dealing 
with a nonuniform molecular population. We have suggested that the com- 
posite property of the unknown which is thus measured be referred to as ‘‘dif- 
fusivity.’” 

In the triangle plate, the isobar of antibody representing that which will 
give the minimal amount of precipitate visible in the agar containing it will 
meet the equivalent concentration of antigen at a point just within the apex 
of the arena separating the two depots as soon as diffusion begins. The prog- 
ress of these two isobars of threshold concentrations, which will not vary 
from one experiment to the next with differences in depot concentration as do 
the definitive isobars in simple diffusion arrangements, will determine the path 
along which precipitate is initially deposited. 

The location of these threshold isobars at a given moment is suggested 
by the diagram in Fig. 2. If, as with the unknown in concentration C,, the 
advanee of the definitive isobar of antigen balances that of the advance of 
the equivalent concentration of the standard antibody, the path of the point 
of intersection of the two isobars will bisect the angle between the depots. 
This will be the path of zone growth along which the initial deposit of precipi- 
tate oceurs and will, in faet, correspond to the path of intersection of sub- 
sequent higher ranking equivalent concentrations of antigen and antibody. 
All the precipitate will be deposited in the ribbonlike confines of this path. 

Given a second sample of the antigen containing fewer molecules, the 
gradient will expand less rapidly, and the definitive isobar will advance more 
slowly, as suggested for zone Y in Fig. 2. The path of zone growth will still 
be a straight one, but the angle between the path and the face of the antigen 
depot will be more acute than that with the face of the antibody depot. Fur- 


thermore, higher concentration isobars will intersect on paths each a little 


nearer the antigen source than the previous one, so that new precipitate is con- 
stantly deposited antigen-ward of the old. What is observed is migration of 
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the zone, as an Oudin zone migrates, along the wall of the vessel into the 
antigen depot while the zone grows. The result experimentally is a triangular 
deposit of precipitate as shown. 

Where the diffusivity of the antigen is greater than that of the antibody, 
as with zone Z in Fig. 2, the same phenomenon takes place in the opposite 
direction. At the same time, precipitate once deposited is bathed in an ever- 
increasing excess of the antigen, and will be more or less redissolved accord- 
ing to the properties of the particular precipitin system involved. The zone 
may be quite narrow, but will migrate along the wall into the antibody depot 
while its tip describes a path closer to the antibody source than to the antigen 


source, 








Fig. 2 Normal zone forms. Broken lines represent hypothetical location of points of distribu- 
tion of threshold concentrations of antigen and antibody at a given moment. 


We have pointed out*® that the direction and extent of zone migration 


along the wall of the plate may be used, at least subjectively, as an index to 
the diffusivity of an unknown as it is in the Oudin tube. Consideration of the 
diagram, however, will show that this migration is rather small as compared 
to zone growth, and will in fact be maximal when the precipitate is deposited 
in a relatively large volume of agar making it difficult to observe. The same 
factors which control the migration, however, control the direction of zone 
growth, which may be measured even in the absence of migration. The path 
of zone growth has been found experimentally to be straight for a reasonably 
long period of time, and may be established confidently by projecting the line 
defined by the precipitate formed in the early hours of diffusion. In faet, it 





156 JENNINGS J Lab, & ¢ lin Med. 
was this linearity which led us to modify the original Ouchterlony arrange- 
ment, in which the path of zone growth is curvilinear to a variable degree,’ 
according to the relative diffusivities of the antigen and antibody solutions 
employed. We have chosen the direction of zone growth as the criterion of 
assay, but call attention to the fact that the properties analyzed are the same 
as those reflected by measurements of zone migration. 

The Diffusivity Ratio.—The direction taken by the path of zone growth is 
controlled by the relative diffusivity of the unknown with respect to the dif- 
fusivity of the indicator. The distance, A, in Fig. 3, is the distance which 
will be traversed by the definitive threshold concentration of the unknown 
while the equivalent concentration of the indicator traverses the distance, B. 
The diffusivity ratio of the unknown, A/B, is the distance the gradient of the 
unknown will expand while the gradient from a depot containing a standard 
indicator solution expands one millimeter. 








UNKNOWN 


INDICATOR 








Fig. 3 (;eometry of zone growth. Broken lines represent distribution of threshold con- 
entrations of reactants at given moment. Unknown represents depot containing antigen or 
intibody to be assaved Indicator shows depot containing appropriate reactant capable of 


forming specific precipitate with unknown Path illustrates line of deposition of initial pre- 
cipitates 


Jennings and Malone’ describe a method of arriving at the diffusivity 


ratio by linear measurements along a filament mounted on the observation 


stage, on which the plate is placed with the face of the unknown depot at right 
angles to the filament. The path of zone growth is defined by a second filament 
adjusted to register with the apex of the arena and the tip of the zone. Ad- 
vantage is taken of the fact that the hypotenuse of the triangle whose base is 
ne 


> is twice the length of the base: A and B may both be measured by a cathetom- 


eter traveling along the reference filament. 
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However, while the method is feasible and will give accuracy sufficient for 
many practical purposes, the location of the three points necesary in measuring 
A. and B is technically difficult. Studies are in progress aimed at the reduction 
of experimental error. 

It will be noted that the sine of the angle alpha, between the unknown depot 
and the path of zone growth, divided by the sine of the angle remaining to the 
indicator depot is also A/B. Since a filament had to be aligned with the path of 
zone growth, an attempt was made to mount this in a protractor, permitting its 
alignment with the face of the unknown depot, the path of zone growth and the 
face of the indieator depot in turn. This proved to be more convenient and more 
rapid, but no more accurate, probably because of the parallax occasioned by the 
rotation of the protractor filament in a plane different from that of the precipi- 
tates. 

At present, the equipment has been modified by mounting the plate with 
the apex of the arena at the center of rotation of the stage of a petrographic 
microscope, which in turn is mounted over a suitable dark-field light source. 
A small telescope is used above this stage, with cross hairs also in register 
with the center of rotation of the stage. One of these hairs, whose image lies 
in the actual plane of the precipitates, serves as the index and the angular 
movement of the stage is noted on a seale graduated to 0.1 of a degree. 

This is the most satisfactory arrangement tested as yet, but is probably 
one which can still be improved upon. The reproducibility of individual read- 
ings is not as great as desired, though quite satisfactory results are obtainable 
by the use of a sufficient number of replicate preparations for each unknown. 
In the examples cited here, plates were prepared in triplicate, and two series 
were examined, making six determinations for the establishment of each point. 

Diffusivity Analysis ——Within the limits of experimental error, the re- 
lationships indicated by the equations shown in Table I have been found ap- 
plicable with a wide variety of antigens and of antibodies. 


TABLE I. DirruSiviry RELATIONSHIPS 


- Rey A/B = sine alpha/sine beta 
2. Reo; B/A sine beta/sine alpha 1/Reu 
3. R, . K log Cy +1 
. Rej K’ log C; + r, 


5 1 0 


‘u Concentration of unknown (antigen 

% Concentration of indicator (antibody 

Alpha angle between unknown depot and path of zone growth 

Beta angle between indicator depot and path of zone growth 
perpendicular distance from unknown depot to point on path 
perpendicular distance from indicator depot to same point 
slope of regression line 


intercept value = Rey where Cy 1 unit/ml. (log Cy 


The first, describing the measurable aspects of the precipitate patterns 
which will serve as indices of the diffusivity ratio, has been discussed. The 
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second ealls attention to the fact that the diffusivity of the indicator may be 
expressed as a factor of the diffusivity of the unknown quite as validly as the 
reverse. 

The third equation states that a straight-line relationship exists between 
the diffusivity ratio, R, for a given concentration, C,, of the unknown when 
compared to a particular indicator solution, and the logarithm of the concen- 
tration of the unknown. This may well be an oversimplification of the actual 
relationships, but if a curvature exists in the regression, it is too small to dem- 
onstrate without reducing the present experimental error still further. At 
extremely low concentrations of reactants, where precipitates are minimally 
dlense and the experimental error is greatest, diffusivity ratios higher than 
the theoretical values for linearity have been observed with a fair amount of reg- 
ularity. Over the greater part of the range of permissible antigen to antibody 
depot concentrations, giving diffusivity ratios both greater and less than one, 
however, no consistent departure from theoretical values has been observed. 

The fourth equation indicates the effect of the concentration of the in- 
dieator employed on the rate of expansion of the indicator gradient. Since 
this varies with the logarithm of the indicator concentration, and since the 
diffusivity ratio of the unknown is related to the diffusivity of the indicator, 
it is obvious that the constants, K, expressing the slope of the regression line, 
and ry, the intercept value, are applicable for but one concentration of in- 
dicator. 

If we take a particular sample of antitoxin and reserve it for a laboratory 
standard indicator, we may establish the values of K and of r, appropriate for 
that indicator by treating ratios observed with various known concentrations 
of toxin by the method of least squares. If now we take this same indicator 
and examine a series of dilutions of toxoid representing the same Lf values, 
we will again establish a linear relationship between the observed ratios and the 
concentration, but will find that the constants differ from those established with 
the toxin. We may assume that an Lf unit, whether toxin or toxoid, rep- 
resents a certain definite number of specific determinant groups combining 
with antitoxin. The observed differences in diffusivity must be attributed to 
the physical differences between the molecules bearing these determinants, 
and the constant becomes, therefore, an objectively asertainable criterion of 
qualitative aspects of the unknown. How sensitive this test will prove to be 
remains to be seen, but two unknowns which show similar immunologic proper- 
ties, but differ as to the K value in diffusion-precipitin studies, must be assumed 
to differ physically. Of course, this difference may be one of proportions of 


(lifferent types of molecules in a heterogeneous population, rather than purely 
a difference of kind. Apparently similar toxoid solutions have been found to 
show differences in K values, which are most probably attributable to this type 
of qualitative make-up. 


The r, value will be recognized as the diffusivity ratio calculated for an 
unknown solution containing one unit of the unknown per milliliter: that is 
to say, having a value of log C, equal to 0. From equation 4, we may expect 
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that the reciprocals of the r, values observed in a series of experiments with 
various dilutions of the indicator will be found to show a linear relationship to 
the logarithm of the indicator concentration. Experimentally, this is almost 
never true. 

A typical experiment of this sort is summarized in Table Il. Here the 
(diffusivity ratios observed with 6 different concentrations of erystalline bovine 
serum albumin, when examined by 7 different dilutions of a stock solution 
of antialbumin, have been treated by the method of least squares to determine 
the constants shown for each of the several antibody dilutions. Note that the 
value of K inereases regularly with decreasing indicator concentration as 
expected. The values of r, and of 1/r,, however, vary in an apparently ran- 
dom fashion. 


TABLE II. Dirrusiviry ASSAY OF BOVINE SERUM ALBUMIN 


EXPERIMENTAL VALUES FOR 6 DILUTIONS OF ANTIGEN EXAMINED WITH FOLLOWING 
CONCENTRATIONS OF ANTIBODY AS INDICATOR 
1.778 1.602 1.477 1.176 1.125 S75 0.648 
0.454 0.519 0.629 0.733 0.888 310 2.128 
1.036 1.054 1.090 1.209 1.143 275 1.189 
0.965 0.948 0.917 0.827 0.875 784 0.841 


0.672 0.635 0.582 0.515 0.492 387 0.302 


EXPERIMENTAL VALUES FOR 7 DILUTIONS OF ANTIBODY EXAMINED WITH FOLLOWING 
CONCENTRATIONS OF ANTIGEN (C,,) AS INDICATOR 
Log Cy 1.097 0.796 «0.699 0.495 0.398 
K’ 0.323 0.317 0.355 0.305 0.231 
0.104 0.172 0.150 0.261 0.395 
2.340 2.047 1.979 1.770 1.597 


T. 
Ry, 


Concentrations of antigens, mg./10 ml. 
Concentrations of antibody in arbitrary units established by assigning a convenient 


value to stock solution from which dilutions were prepared. 

This may indicate that the linear relationship postulated is incorrect, or it 
may simply reflect the inaccuracies of measurement at the present time. We 
are inclined to believe the latter to be the ease, since when the intercept 
value is high, the slope appears to be low. When log C, is 1.0, that is, when 
the concentration of the unknown is 10 units per milliliter, the diffusivity 
ratio will equal K plus r,. The reciprocal of this value should be the diffus- 
ivity ratio of the particular indicator, as compared to 10 units of the antigen, 
and again we would expect a linear relationship to changes in log C;. This is 
found to exist, suggesting that the variations in the intercept values are due 
to a few observations which are out of line, rather than to a consistent error in 
theory. 

Since the reciprocals of the diffusivity ratios found for the antigen rep- 
resent the ratios of the antibodies expressed in terms of the antigen as in- 
dieator, the same data may be treated to determine the values of K’, rj, and 
R,». The inerease in K’ with decreasing concentrations of antigen, if it ex- 
isted, was masked by the experimental error. The Rj. values, however, 
showed a consistent relationship, and we may judge that the actual changes in 


K’ with changing antigen concentration were quite small, as would be the 





160 JENNINGS j.1 ib, & Clin Med 

inuary, 1958 
case if the antigen gradients all expanded more rapidly than the antibody 
gradients. This was borne out by the observed diffusivity ratios, those of the 
antigen to the antibody varying from 1.0 to 3.2 with an average of about 1.7, 
while those of the antibody to the antigen ranged downward from 1.0 with 


an average of 0.63. 


The diffusivity ratios observed with actual tests of a series of unknowns 


examined by means of an indicator with a log C,; value of 1.0 agree excellently 


with those calculated from the over-all data as in this table. However, the 
calculated values have the advantage of being acted upon by the entire series 
of experiments, and the linearity of the observed regression is, perhaps, better 
evidence of the reality of the relationship as an hypothesis applicable to all 
cases. The results reported in Table II have therefore been plotted, as shown 
in Fig. 4, to permit visual comparison with the theoretical values represented 
by the line established by the method of least squares. 


DIFFUSIVITY OF 
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Fig. 4.—Linearity of regression Circles: 1/(K’ + re) established by method of least 
squares from experimental values found with 7 dilutions of antibody tested against indicated 
quantity of antigen. Crosses 1/(K + re) values established from 6 experimental points 
with antigen dilutions for each of the indicated concentrations of antibody. Lines: theo- 
retical values established from the data by method of least squares. Concentrations of anti- 
gen are expressed in mg./10 ml, Concentrations of antibody are expressed in arbitrary units 


based on assignment of convenient value (120 units/ml.) to concentrated solution of immune 
rabbit globulin. 


Whether the regression line is established in this fashion, or in the simpler 
manner with a single standard indicator preparation, the possibility of per- 
forming quantitative assays on unknowns by extrapolation from such regres- 
sion charts must be obvious. We have pointed out the danger of error in the 
event that the unknown represented a different proportion of various mol- 
ecules satisfying the criterion for antigen or antibody than did the reference 
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material used in establishing the regression. Such error can be avoided by the 
simple expedient of examining each unknown in a series of 3 or 4 dilutions. 
The K value of the individual specimen may then be compared with that of the 
reference material and, if agreement is found, the quantitative assay may be 
considered reliable. That this is the case is attested to by the fact that these 
values shown in Fig. 4 represent accumulated data from two separate series 
of experiments, separated in time by some months, during which the reactants 
were stored, and that each of the series of experiments covered a period of 
about a week, during which an entire series of antigen dilutions was examined 
against one of the antibody dilutions each day. Thus, any of the points might 
be considered as an unknown being assayed in terms of the regression estab 
lished by means of the others. 

The work presented shows evidence of error which should be reduced. It 
also shows that a very useful relationship does exist which is capable of being 
measured accurately if the technique can be refined sufficiently. It is our 
hope that this demonstration will stimulate interest leading to the early solu 
tion of the remaining problems of technique and equipment. Attention is 
called to the potential advantages of the method: both qualitative and quanti- 
tative assays may be performed objectively; the mechanism permitting indentifi- 
cation of zones on the basis of coalescence or crossing, the plate being returned to 
the moist chamber for further incubation after readings are taken, is retained ; 
zones begin to develop at once, and readings should be made before they have 
vrown more than halfway to the center of the plate; therefore, assay requires 
from 4 to 24 hours, only. It should be possible to perform individual assays 
of each of several antibodies in single small specimens of serum, or of antigens 
in biologie fluids, within this length of time. Finally, the method offers a 
simple and reliable means of distinguishing between immunologically related, 
but physically diverse, reactants and may, therefore, prove useful in demon- 
strating that antigens, separated from their native mixtures, have not been 
altered physically in the course of the physical and chemical manipulations 
required. 

SUMMARY 

Depots of antigen and of antibody suspended in agar, presenting straight 
edges meeting at an angle in a plate of saline agar, produce zones of precipi- 
tate whose direction of growth with respect to the sources of diffusion reflect 
the relative rates of the expansion of the concentration gradients established 
by diffusion. Linear or angular measurements of the precipitate patterns 
permit objective estimation of the ‘‘diffusivity ratio’’ of the unknown antigen 
or antibody—the number of millimeters a definitive concentration will advance 
while the equivalent concentration of reactant from a standard solution of 
indicator antibody or antigen advances 1 millimeter. 


The diffusivity ratio bears a straight-line relationship to the logarithm 
of the concentration of the unknown. With a given standard indicator, the 
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slope of the regression line reflects physical characteristics of the unknown, 
while the intereept value depends on physical characteristics and on the size 
of the unit chosen to express concentration. 

Quantitative assays may be performed by extrapolation from a regres 
sion line established with known concentrations of the material to be assayed, 
provided that a series of concentrations of the unknown is shown to produce a 
regression with similar constants; failure to obtain similar values for the slope 
and intercept with a series of dilutions of the unknown may be taken to indi- 
cate the existence of physical differences between the unknown and the refer- 
ence reactant used in establishing the standard regression formula. 

The measurements may be made trom projections of the precipitate pat- 
terns formed during the first 4 to 24 hours of diffusion. The method is, there- 
fore, a rapid one and relatively free from errors introduced by uncontrolled 
variable factors such as temperature changes and inequalities in the agar 


which might influence the results during a more protracted incubation period. 
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THE CONSTRUCTION OF A SENSITIVE ACCELEROMETER 
R. H. Jorpan, M.D.,* P. B. Paty, M.D.. anp J. J. NEAL, Jr., M.D. 
BIRMINGHAM, ALA. 


HE basie studies of Burger, Talbot.2* and Von Wittern® have shown that 
the acceleration of an ultralow frequency ballistocardiograph may yield 
accurate representation of cardiovascular force. These studies have resulted 
in a marked increase in research in this field of physiology. However, such 
investigations have been handicapped by the lack of accelerometers of suitable 


sensitivity and frequency response. The accelerometer should be capable of 


measuring forces of 5/10,000 g, and should have an undistorted frequency 
response range to at least 50 cycles per second. Such instruments are not 
readily available commercially. 

An instrument apparently fulfilling these criteria was recently described 
by Elliott, Packard, and Kyrazis.° This accelerometer is an electrokinetic 
device based on the Ueda principle, and consists of alternating cellules of mer- 
cury and sulfurie acid in a eapillary tube. When electrode tips are placed in 
the terminal cellules, an electrical signal can be recorded upon motion of the 
accelerometer. According to the deseription of Elliott and associates the in 
strument is easy to construct and has a linear frequency response to accelera- 
tion up to 2,000 ¢.p.s. It may be used with an ECG amplifier and recorder. 
Unfortunately, several laboratories’: * have encountered great difficulty in the 
construction of this type of accelerometer with adequate output and stability 
characteristics, leading to abandonment of the technique in those laboratories. 
The present report describes refinements in technique of construction and con- 
siders possible factors responsible for variations encountered. Four major 
difficulties have been frequently found. First, a nonfunctioning accelerometer ; 
second, inadequate voltage; third, marked instability of output with certain 
types of recorders; and fourth, sudden deterioration of an instrument, which 
formerly demonstrated good performance. 


Variables Studied——A number of variables were considered. It was found that com 
mercial triple-distilled mercury used without further purification, and approximately half 
molar sulfuric acid solution, was adequate, i.e., further purification of the mereury or use 
of exactly one normal sulfuric acid did not influence the sensitivity or stability of the in 
struments built. Scrupulous washing of the capillary lumen with chromie acid and distilled 
water to remove greases failed to give any significant advantage. Kimball glass capillary 
tubing of 0.4 to 0.7 mm. was used in initial experiments, and in this range at least, capil 
lary diameter did not appear to be a major factor in the extreme variations in output 
encountered. 
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\ meticulous examination of nonfunctioning accelerometers revealed one consistent 
defect. This was an air bubble interrupting the continuity of the mercury-sulfurie acid 
column, Examination of those accelerometers with inadequate output revealed either no 
air at all at the terminal ends, or interruption of the continuity of the mercury-sulfuric 


acid column by small bubbles of air. 


The study of sealing techniques, as regard variations in output, gave the most signifi 
cant information. It was notedyduring construction by the method of Elliott, Packard, and 
Kyvrazis that insertion of plain fine copper wire into the terminal mercury pellets caused the 
introduction of a variable and uncontrollable amount of air, due to surface tension rela 
tionships between mercury, glass, and copper. The chance addition, therefore, of variable 
juantities of air at the ends of the accelerometers apparently allowed the interfaces of 
thoso in which the quantity added was relatively iarge to have a more free swing than 
those in which the quantity added was extremely minute. It was felt that this might be 
responsible for the differences encountered in voltage output between accelerometers. To 
cheek this hypothesis, accelerometers were constructed with exclusion of all air possible. 
This was accomplished by amalgamating the copper wire to provide complete wetting of 
the wire by mereury, and use of a cold polyethylene seal developed for the purpose, which 
provided visualization of the ends of the capillary tube during and after construction, so 
that accelerometers containing terminal air could be detected. It was found that when air 
was completely excluded from the capillary column, the output was under 0.05 millivolt to 
a foree of 540,000 dynes applied to a low-frequency ballistocardiographic bed. The intro 
duetion of small quantities of air into the ends of these accelerometers was found to give 
markedly increased output. Using the same force input, outputs of 7 millivolts were easily 
obtained. Satisfactory results in the construction of mercury-sulfurie acid capillary accel 
erometers are, therefore, possible if the following procedure is used in which a small quan 
tity of air is introduced at the capillary ends. This gives a voltage increase but does not 
give a detectable phase shift. However, if excessive quantities of air are added, a reso 
nance artifact may be introduced. 

Construction of Accelerometer.—The accelerometer is constructed as previously de 
seribed,® using capillary tube 0.4 to 0.7 mm. in diameter. After filling with mercury 
and 0.56 N sulfurie acid, one end is closed with sealing wax. A fine coated copper 
contact wire, amalgamated over the terminal ™%4 inch, is inserted at the opposite end for 
approximately 44 to % inch. The enamel coating should be preserved about the proximal 
portion of the wire, to present a surface nonwettable by mercury. The displaced mercury 
is removed and the wire is then withdrawn slightly, until a suitable amount of air has been 
introduced (using a 0.5 mm. diameter tube and a No. 34 contact wire, a column length of 
air of approximately 1 mm. at each end of the capillary is adequate). Sealing wax is then 
applied, using a small soldering iron, to give an airtight seal. The other end of the tube 
is then nicked with an ampul opener and broken in such a way as to allow half an inch or 
moro of mercury to remain in the end pellet. A small quantity of air is introduced in the 
same fashion as before, by manipulation of the contact wire, and sealing wax is then again 
applied. With the bubble of air resting on a section of unamalgamated wire, it was found 
that the surface tension relationships are such that the migration of the air bubble into 
the central portions of the tube was made more difficult and, therefore, sudden decrease in 
output was less frequently encountered. In some cases, it is necessary to readjust the 
amount of air trapped in the terminal ends of the tube by shaving off the sealing wax 
closure and manipulating the wire as before. The quantity of air may be increased until 
desired sensitivity is achieved by further insertion and withdrawal of the contact wire, or 
additional mereury added if sine wave resonance artifact is encountered. The assembled 
accelerometer is placed in a groove marked in a piece of balsa wood of suitable size, held 
in place with a small amount of collodion applied near the middle. The terminal wires are 
similarly attached and may then be connected to the amplifier-recorder, as previously 


described. 


It has been found that in construction, 4 to % inch pellets of mercury, and sulfuric 


acid may be used, Following complete assembly of the accelerometer on balsa wood, light 
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flicking of the instrument with the finger increases the number of interfaces by causing 
fragmentation of the pellets, a concomitant increase in voltage output results. 

With careful construction, accelerometers made as described above have adequate 
output, but a certain percentage of these will leak mercury around the sealing wax, with 
subsequent introduction of excessive air. Furthermore, unless handled carefully in the 
horizontal plane, the air present at the terminal ends has a tendency to run along the wire 


until the continuity of the mercury column is broken. To avoid this difficulty, a design was 
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developed (Fig. 1), consisting of fusion of two copper ribbons or platinum wires in the side 
of a thick-walled Pyrex capillary tube with an internal diameter of 0.5 to 0.6 mm. The con 
tact wires protrude into the lumen of the tubing, approximately an inch or two from each 
end. The ends of the capillary tubing are then drawn down to fine threads. The tube is 
filled as described above, but prior to sealing %4 to 1 cubic millimeter of mercury is drained 
from one end. The capillary column is then adjusted by holding the tube in the horizontal 
plane to give equal air space at both ends, and a fine point flame is used to fuse the termi 
nal capillary glass threads. With this construction, the air is more efficiently trapped, and 
the innate strength of the thick-walled capillary tubing makes the use of supporting mate 
rials unnecessary except as needed for sonic insulation and electrical shielding. As in the 
prior construction, the quantity of terminal air may be adjusted to give a higher voltage 
output by breaking off the tips of the end capillary threads and removing more mercury. 
As before, if too much air is removed a resonance artifact may appear. It has been noted 
also, that air bubbles smaller than the internal diameter of the capillary tube—no matter 
where placed—do not cause difficulty, but act to increase output. 
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DISCUSSION 
At very low frequencies, an electrical phase shift may become apparent. 
Evidence has been adduced in this laboratory that the frequency response of 


these instruments may not be completely linear over the range concerned in 


ballistocardiographic measurements. By the use of suitable capacitance across 
the terminals ranging from 0.005 to 0.05 m.f.d. when used with direet writing 
recorders, an essentially linear response from one to 40 ¢.p.s. may be obtained. 
(Higher frequencies have not been tested.) It is, therefore, necessary to bal- 
anee each accelerometer before use, and to check it at intervals thereafter. 
Such balaneing may be accomplished by the use of a constant foree shaker, or 
by testing against a known displacement or velocity pickup for phase shift 
and amplitude response.’ 

Accelerometers have been constructed in this laboratory ranging in length 
from 4 em. to over 60 em. and the number of mercury pellets have varied from 
® to more than 100. The output varies with the number of pellets, as has been 
previously deseribed.® Satisfactory outputs have been obtained from instru- 
ments construeted with cellules varying from 4¢ to 14 inch. 


SUMMARY 


Voltage output of mereury-sulfurie acid capillary accelerometers is im 
proved by small amounts of air introduced at either end of the capillary during 
sealing. Decrease in output or failure is usually due to interruption of the 
mereury-sulfurie acid column continuity by an air bubble. A method of in 
creasing the number of mereury-sulfurie acid interfaces by impact is sug 
vested. A modified glass sealed construction is described. Attention is drawn 
to the necessity of the individual testing of each accelercmeter for phase and 
amplitude response to accelerations at the frequencies encountered in the phe 
nomenon to be studied. 
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Sold by Dealers the World Over 


LINBRO CHEMICAL CO., INC. 


681 DIXWELL AVE, NEW HAVEN 11, CONN 








Specially designed and produced for The 
Journal of Laboratory and Clinical Medi- 
cine, this file will keep one volume, or six 
issues, clean, orderly and readily accessible. 
Picture this distinctive, sturdy Volume File 


on your bookshelf. Its rich red and green 
Kivar cover looks and feels like leather, and 
the 16-carat gold leaf hot-embossed lettering 
makes it a fit companion for your finest 
bindings. 


Preserve Your Journals 
With This 


J esse 4 ones 


Volume File 


—— | 


The Volume File is reasonably priced, in 
spite of its costly appearance. It is sent post- 
paid, carefully packed, for $2.50 each. Most 
subscribers will find it more convenient and 
economical to order 3 for $7.00 or 6 for 
$13.00. When ordering specify file for The 
Journal of Laboratory and Clinical Medicine. 
Send check with order. Satisfaction guaran- 
teed. Can be sent to U.S. and Possessions 
only. For prompt shipment, order direct 
from 


Jesse Jones éx band Box Corps. woes ey 


FOURTH AND THOMPSON STREETS, PHILADELPHIA 22, PENN 





'HAEMO-SOL 


i 
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'|\ as water 
\ in water” 


\ (SHAKESPEAR 
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you can see 
what tests prove 
... it's always 


TOTALLY SOLUBLE 
COMPLETELY ACTIVE 
100% FREE RINSING 


Yes, these pipettes will Save time, 
emerge C-P clean, free money, work 
‘ . » and 
draining, sparkling. pipettes. Clean 
, : with Haemo- 
It’s so easy . . . just soak, a. ho 
then rinse. Your pipettes every cleaning 
are really clean. . . no purpose. 
etching . . . no fogging Write for FREE 
no residue sample and 
: : , literature TODAY 
Your Haemo-Sol solution 
is active all week. The 


cost? As lowas? 109 Ol a 
cent for each pipette! 


MEINECKE & COMPANY, Inc. 


217 Varick St., New York 14 
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KLETT SCIENTIFIC PRODUCTS 
Klett-Summerson Photoelectric Colorimeters, Colorimeters, 
Nephelometers, Fluorimeters, Bio-Colorimeters, Comparators, 
Electrophoresis Apparatus, Glass Standards, Glass Cells, 

Klett Reagents 




















THE KLETT-SUMMERSON 


PHOTOELECTRIC 
COLORIMETER 


. 


Developed with the requirements of 
routine colorimetric analysis particular- 
ly in mind, but has found application in 
a variety of unusual analytical proce- 
dures as well. No logarithm tables or 
“calibration curves” on semilogarithmic 
paper required. The concentration of 
unknown is obtained directly from the 
scale reading by simple calculation. 


$205 





KLETT 
BIO-COLORIMETER 


The visual color- 
imeter illustrated 
presents a num- 
ber of outstand- 
ing features mak- 
ing it ideal for 
clinical or re- 
search work. 
Built on the most 
modern mechani- 
cal and optical 
principles it is 
widely accepted 
for its accuracy 
and durability. $165 


Klett MANUFACTURING CO. 


179 EAST 87th STREET, NEW YORK, N. Y. 
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Measuring GLUCOSE these days? Have you 
tried GLUCOSTAT? It’s a prepared 
enzymatic reagent that measures glucose 
specifically (no other reducing sugars react) 
and quantitatively by development of stable 
color which can be read in ten minutes with 
no heating required. Suitable for blood, 


urine and other body fluids as well as tissue 


cultures, fermentation liquors, foods, etc. 


YOU'RE IN WITH 


GLUCOSTAT / 


WORTHINGTON BIOCHEMICAL CORP. 


FREEHOLD. NEW JERSEY 

















FOR MEN AND WOMEN! 
A 
WORTHWHILE 
f ae 


LABORATORY 
TECHNIQUE 


THE GRADWOHL SCHOOL OF LABORA- 
TORY TECHNIQUE is an ethical school, 
manned by competent ethical Bp nes and 
technologists and enjoys a hi rating among 
the medical profession. g ~ placed 
in desirable positions since 1920. Gradwohl 
graduates are recognized as expert technicians. 
Course includes—Clinical Microscopy, Hema- 
tology and Blood Grouping; Serology; Applied 
Bacteriology; Basal Metabolism; Blood Chem 
istry; Electrocardiography; Parasitology; Tissue 
Cutting and Staining and X-ray Technique. 


ENROLL NOW for priority. 12- 
month course; 6-month intern- 
ship. Classes start Jan., 
March, July, Sept., Oct. 


37th Successful Year 


GRADWOHL S2:<: 


Under the Personal Supervision of 
R. B. H. Gradwohl, M. D., Sc. D., Director 
3514 Lucas Av. St. Louis, Mo. 
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Specialiying 
"—— ENDOCRINE 
17-Ketosteroids ASSAYS 


Beta and Androgen Fractions 
Protein-Bound Iodine - Pregnanediol 
Pregnanetriol - Gonadotropins 
Corticoids » Estrogens 


TOXICOLOGY 


Lead + Arsenic - Barbiturates 


MISCELLANEOUS 
Transaminase + Sodium - Potassium 
Antistreptolysin - Proteins + Lipids 
CONSERVATIVE FEES 


Write for monthly “Bulletin of Laboratory 
Medicine” and fee schedule 
Airmail service anywhere in the U.S.A. 


Biochemical Procedures 


8350 WILSHIRE BOULEVARD, BEVERLY HILLS, CALIFORNIA 











RADETTE 


THE 
PHYSICIAN'S © 
INSTRU ) 


A simple office procedure — readily used for bed patient 
cases as well as in the lab or clinic 


...FOR 
THYROID 
DIAGNOSIS 


The RADETTE instrument designed 
by C. W. Reed Co., Inc., is ideal for 
¢ DIRECT READING the physician who wishes to bring 

IN PER CENT thyroid diagnosis into his practice 

UPTAKE without the necessity of adding floor 
° FIVE MINUTE space or technically trained personnel. 

TEST 


© CLINICALLY 
TESTED AND 
STANDARDIZED 


The RADETTE is a compact, porta- 
ble diagnostic instrument especially 
designed to professional specifications 

‘. ——— for rapidly and accurately performing 

the thyroid uptake and other nuclear- 
DIAGNOSIS 
medical diagnostic tests. 

‘ ’ Obtaining the per cent thyroid up- 
A mF “s take with RADETTE can be compared 
DATA INTERPRE- i” simplicity and speed with the rou- 
TATION tine procedure for obtaining a 

patient’s blood pressure with the 

e NO PATIENT standard sphygmomanometer. There- 
PREPARATION fore, the uptake test can be delegated 

to nurse, technician or other assistants 

* SIMPLE, if desired 
PRACTICAL 


* LOW COST 


Requires no assigned 
floor space — tucks away 
on shelf or in a drawer 
when not in use. 


C. W. REED CO., INC. 


5959 S. Hoover Street 
Los Angeles 44, California 
PLeasant 3-2221 
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WISHING ... for one dependable 
source for research biochemicals 7 


Let NUTRITIONAL BIOCHEMICALS CORPORATION be the one 
onswer to all your problems of quality, service, and economy 
in the biochemical field. 


OVER 200 AMINO ACIDS 

OVER 75 PEPTIDES 

OVER = NUCLEOPROTEINS, PURINES 
PYRIMIDIN 

MISCELLANEOUS BIOCHEMICALS 
VITAMINS 

ENZYMES 

GROWTH FACTORS 

STEROID HORMONES 
BIOLOGICAL SALT MIXTURES 
BIOLOGICAL TEST MATERIALS 





NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 
21010 Miles Avenue . Cleveland 28, Obio mi AN 
October, 1957 
Over 1700 Items 
Write Dept. 109 








INJECT 
GAMMA 
EMITTERS 
SAFELY! 


HAMILTON LEAD SHIELDED 
SYRINGES provide 16-fold radiation 
reduction. Volumes are easily read from 
accurately engraved graduations... plunger 
locks against accidental movement... light 
weight insures easy handling. Sizes: 1 to 
10 cc. Fit MacGregor Interchangeable 
Syringes. 

Send for literature and prices—today! 
And ask for details on Hamilton Beta 
Shielded Syringes (1 to 10 cc) for shielding 
P,, or Yy. May be used with MacGregor In- 
terchangeable Syringes...and with Chaney 
Adaptor also available from Hamilton. 


THE HAMILTON COMPANY 


1134 Whitley Street + Whittier, California 
Dept. F 
A Complete Line of Shielded Syringes for 
Injection of Isotopes. 
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Nessler Comyound Paragon 
(Dry Granules) 


for the simplest method of preparing 
Nessler Solution which will not be 
affected by the amount of carbonates 
ordinarily present in sodium hydrox- 
ide. The granules and the resulting 
solution will remain stable for years. 


$1.90 per bottle (68 grams) sufficient 
for one liter of Nessler Solution, 
which is made by simply dissolving 
the contents of bottle in 10 per cent 
sodium hydroxide solution. 


Convince yourself by ordering Ness- 


ler Compound Paragon. Available 
for immediate delivery. 


Efficient 








Convenient 


Manufactured exclusively by 


PARAGON C. & C. CO. INC., 2540 Belmont Avenue, New York 58, New York 


Benedict Compound Paragon 


Qualitative — Quantitative 
(Dry Granules) 


You can now have perfect Bene- 
dict Solutions (qualitative or 
quantitative) for the determina- 
tion of sugar in urine by simply 
dissolving the granules in water. 
Packed in two convenient sizes: 


QUALITATIVE QUANTITATIVE 
P501—for 1 liter P611l—for 12 liter 
P520—for 1 gallon P631—for 1 gallon 


Priced so that each qualitative 
test costs % of a cent, when pur- 
chased in lots of 12 gallons (1 
case); slightly higher when 
purchased in smaller quantities. 


Economical 























Sterile 


Sheep 
Blood 


Fo 


BLOOD PLATES 


PREPAID 
Via Air Mail Special Delivery 
#15 c.c. 2 $2.20 
*30 c.c. : _ 2.65 


60 c.c. - : “ae . ~ 3.65 
100 c.c. : 4.25 


*Write for prices on weekly or 
biweekly standing orders. 


THE BROWN LABORATORY 
302 Watson, P. O. Box 424 
Topeka, Kansas 
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Here’s a tale of a poor young technician 
Who was slightly out of commission 
Then she found Knickerbocker 
And climbed back on her rocker 
Much admired for her great erudition. 


You'll like the 
blood typing serums 
by 


a 
Kmickarbockarn 
300 West 43rd Street, New York City 
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LIVE FROGS for PREGNANCY DIAGNOSIS 


Year ‘round supply of selected large, healthy, male frogs for latest pregnancy 
test (99% accuracy). Cost negligible. Negative test animals can be used 
repeatedly. Results in less than two hours. Prompt shipment anywhere, by air 
to distant points. Prices include screened shipping crates and boxes. 

Frogs. With complete directions for use and care. Dozen .... 7.50 

Laboratory Tank with Cover 

Isolation Jar, 5” x 7” with weighted metal cover -...... ..~-_- 

Frog pregnancy test kit, complete, 14 items including 

12 ve frogs 


Rana pipiens 


NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 30th St., New York 1. N. Y. 


Headquarters for Live Frogs 
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“Our 43rd Year—Time Proved Dependability” 


RABBITS & GUINEA PIGS, ALBINO RATS & MICE 
RESEARCH SUPPLY CO. 


2436 West York St. Philadelphia 32, Pa. 
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HAMILTON LABORATORY ANIMALS, INC. 


Specialist in breeding of HLA Albino Rats and HLA Albino Swiss Mice. 
Prompt and efficient service. Dependable animals. 


Office: 200 Brotherhood Bldg., 1015 Vine St., Cincinnati 2, Ohio 








ZEIMET BIO-FARMS 
DOCILE GUINEA PIGS © Derenpasle 


Route 4, Box 372 CHerry 9-4515 Madison 4, Wis. 








WHITE MICE GUINEA PIGS RABBITS 


Send for price list. References furnished on request. 


J. E. STOCKER - Ramsey, N. J. + Phone: Davis 7-1064 
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SINCE 1945 








XENOPUS LAEVIS FROGS X-L FEMALE FROG PREGNANCY 
exclusively TEST 


No Seasonal Variations 
Combines highest accuracy — economy — speed 
Test so simple requires minimum of technician's 
time using either urine concentrate or blood 
serum. No microscope work required or surgery 
of the animal. Write for literature. Animal cost 
per test 10¢ to 15¢. 


JAY E. COOK, Importer 
Cockeysville, Maryland, U.S.A. 








TACONIC FARMS, Ine. 


Germantown, New York 


SWISS MICE Booklet Sent on Request 








HAMSTERS GUINEA PIGS RABBITS WHITE MICE AND RATS 
Satisfactorily shipped 1500 miles and more — Large supply 
For prices and information, write, wire, or phone 


HILLTOP CAVIARY 


Phone 286 Established 1928 Scottdale, Pa. 
(near Pittsburgh) 








RABBITS GUINEA PIGS 
Developed and housed to insure best results in all types of tests 
Continuous supply and prompt shipment FOB Indianapolis 


PAUL HAMM RABBITRY R.A. No. 4 Phone 530-W3 Greenwood, Ind. 








NATIONAL LABORATORY ANIMAL CO. 


Laboratory Animal Husbandrymen 
RABBITS—GUINEA PIGS—WHITE RATS—WHITE MICE 
Reliable Animal for Significant Results 


PO Box 325b, Creve Coeur, Mo. Phone—WY¥down 3-6379 
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LABORATORY ANIMALS 


We are specializing in an excellent strain Rabbits 

of Albino Guinea Pigs—heavy in Hartley Dogs Rats 

Blood Lines. Highly acclaimed by all Cats Pigeons Hamsters 
users. Also Webster Swiss Albino Mice . . 
and Wistar Albino Rats. Mice Poultry Guinea Pigs 


JOHN C. LANDIS, Hagerstown, Maryland 





DAN ROLFSMEYER CO. 
ALBINO RATS SWISS (ALBINO) MICE 


Price List on Request 


Route 3, Syene Road, Madison 5, Wis. PHONE ALpine 6-6149 











Live Male Rana Pipien Frogs, Direct from the Farm 


Be sure of year round supply, at lowest prices and fastest service available. Orders delivered within 36 
hours after we receive them. 

Male Rana Clamitan Fr and Buffo Americanus Toads available during summer months. 

Male Buffo Marinus Toads available, the year round. 

Animals guaranteed free of disease and to arrive in perfect condition. 

Laboratory Manual 85 pages with illustrations. A system of pregnancy testing using Male Toads and 
Frogs, by Edward H. Hon, M.D. of Yale University. 

Also reagents used in conducting pregnancy tests. 

For Information and prices, Phone or write: 


J. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota 





® STANDARDIZED e RATS WISTAR (ALBINO) 
® DEPENDABLE LONG-EVANS (HOODED) 


BRED FOR RESEARCH WORK BY RESEARCH WORKERS 


PACIFIC ANIMAL FARMS S16 eDENA CALIF: 


ALIF. 
(An affiliate of Pacific Biological Laboratories) 








LA B O RATO RY Albine Rats from Wistar Strain 
ANIMALS Albino NZ Rabbits 
a ill Hamsters ALBINO FARMS 


a 7 P. 0. Box 331 
since 1929 RED BANK, NEW JERSEY 
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X-RAY TECHNOLOGY 











i 


CHARLES A. JACOBI, Head, X-Ray Technology, 
Oregon Technical Institute, Oretech, Oregon, and 
DONALD E. HAGEN, Instructor, X-Ray Technology 
Oregon Technical Institute, Oretech, Oregon. With 
Foreword by JAMES M. HILTON, M.D., Roentgenol- 
ogist and Course Supervisor, X-Ray Technology, Oregon 
Technical Institute 


410 pages, 320 illustrations Price, $9.75. 


Presents basic information and procedures to assist technicians on their own in the 


smaller hospitals and clinics and technicians of limited x-ray experience. 


Believing that the x-ray technician should understand the general principles of the 
working of the machine he operates the authors have included chapters on the 
principles of physics and electricity. In the chapters on positioning the authors 
related anatomy and physiology to the positioning because they believe that a com- 
plete knowledge of osteology and a substantial acquaintance with the remaining 


anatomy and physiology are the bases for developing a skillful, proficient technician. 


Written by practicing x-ray technicians it contains all of the necessary fundamentals, 


plus detailed information as to positioning. Even trouble shooting is covered. 


Positioning occupies a major portion of the book. Here are shown the most effective 
angles and positions for x-raying all areas of the body—the extremities, trunk, skull, 
and viscera. Preceding each of the major areas are chapters on anatomy and physi- 


oloey related to such areas. 


THE C, V. MOSBY COMPANY 
3207 Washington Blvd. 
St. Louis 3, Missouri 


Gentlemen: Send me Jacobi-Hagen “X-RAY TECHNOLOGY,” priced at $9.75. 


Attached is my check. [_] Charge my account. 
Name Street 


City : ; Zone 


Las-1-58 
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REFERRED BIOCHEMICAL ANALYSES 


Electrophoresis for Protein Fractionation, Lipoprotein Fractionation, Abnormal 
Hemoglobins; Catecholamine determinations for adrenaline and noradrenaline; 
Transaminase levels; Hormone Assays; Protein-Bound Iodine 
determinations; Toxicological Assays; Antistreptolysin-O ‘Titers; 
and other difficult and time-consuming tests. 
Services available nationally by Air Mail. Shipping containers with vials available on request 
Write for: List of Services, Literature, and Containers 


CHEM-TECH LABORATORIES 


A\INALYTICAL-CLINICAL-RESEARCH 
236%-2386% SOUTH ROBERTSON BLVO. BEVERLY HILLS. CALIFORNIA 





S. 1. DULKIN, PH.D. OTTO E. LOBSTEIN. Px.D 


—— VIRUS AND RICKETTSIA — Complement Fixation —— 


LIPID AND ENZYME CHEMISTRY 
SPECIAL CHEMICAL PROCEDURES—P.B.I.—Mineral—Organic 


72 to 96 hour service anywhere in the USA—KFee Schedules and Information on Request 


Clinical Laboratory of San Bernardino 
955 “DD” Street, P. O. Box 329, San Bernardino, California 
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Please mention “The Journal of Laboratory and Clinical Medicine” 
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automation finally brought to clinical chemistry 
Already in hospitals and laboratories the country over, the Technicon Autoanalyzer is 
doing jobs like those listed below with an accuracy, reproducibility, and dependability, 


which has users standing back in awe. The work goes faster, up to 60 tests-per-hour, 


better, accuracy is repeatable to approximately 1%, and cheaper, completely auto- 


matic; no human intervention or supervision. 


There's a brochure which explains the Autoana- 
lyzer principle, detailing operation and methods. 


clinical biochemical analyses 


For the thousand-and-one substances for which biological fluids 
ore analyzed ... blood glucose, blood urea nitrogen, calcium, 
alkaline phosphatase, chlorides, etc. Reproducibility, approxi- 
mately 1%. Elapsed time-per-test, as little as one minute. 


pharmcodynamic research 


Sampling by direct aspiration from circulatory (or other) system 
of a living organ, with continuous analysis and recording of 
phenomena like rate absorption or excretion of drugs, changes in 
concentration levels of blood urea nitrogen, blood glucose, etc. 





completely automatic operation 


Only human participation is initial setting up of test. Autoanalyzer 
then takes over; introduces correct proportions of materials and 
reagents, passes them through the train of analytical events — 
mixing, dialyzing, separation, heating, color-measuring, etc. — 
records test results as logarithmic or easy-reading linear graphs, 
or on digital read-out tapes. Selectable choice of 20, 40, or 60 
separate tests-per-hour, depending on nature of test. Reproduci- 
bility, approximately 1%. 


a, nalyzer 


TRADE MARK 





TECHNICON INSTRUMENTS CORPORATION 
Chauncey ° New York 








in arthritis, BUFFERIN: because... 


...in the majority of your arthritic cases BUFFERIN alone can safely and 
effectively provide adequate therapeutic control without resorting to the 
more dangerous cortisone-like drugs. 


... BUFFERIN is better tolerated by the stomach than aspirin, especially 
among arthritics where a high dosage, long term salicylate regimen is 
indicated. 


... BUFFERIN provides more rapid and more uniform absorption of 
salicylate than enteric-coated aspirin. 

...even in the relatively few cases where steroids are necessary, use of 
BuFFERIN will allow proper flexibility for individual dosages. 

,.. BUFFERIN is more economical for the arth- 

ritic who requires a long period of medication. 

... BUFFERIN contains no sodium, thus mas- 

sive doses can be safely given without fear of 

sodium accumulation or edema. 


Each sodium-free BUFFERIN tablet contains acetylsalicylic acid 
5 grains, and the antacids magnesium carbonate and aluminum glycinate. 


Bristol-Myers Company, 19 West 50 Street, New York 20, New York 





